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ABSTRACT 

The Maryland Pilot Earth Science and Technology 
Education Network (MAPS-NET) project was sponsored by the National 
Aeronautics and Space Administration (NASA^> to enrich teacher 
preparation and classroom learning in tne area of Earth system 
science. This publication includes a teacher's guide that replicates 
material taught during a gradus^te-level course of the project and 
activities developed by the teachers. The publication was developed 
to provide teachers with a comprehensive approach to using satellite 
imagery to enhance science education. The teacher's guide is divided 
into topical chapters and enables teachers to expand their knowledge 
of the atmosphere, common weather patterns, and remote sensing. 

Topics include: weather systems and satellite imagery including 
mid-latitude weather systems; wave motion and the general 
circulation; cyclonic disturbances and baroclinic instability; 
clouds; additional common weather patterns; satellite images and the 
internet; environmental satellites; orbits; and ground station 
set-up. Activities are listed by suggested grade level and include 
the following topics: using weather symbols; forecasting the weather; 
cloud families and identification; classification of cloud types 
through infrared Automatic Picture Transmission, (APT) imagery; 
comparison of visible and infrared imagery; cold fronts; to sk’ or 
not to ski (imagery as a decision making tool), infrared and visible 
satellite images; thunderstorms; looping satellite images; 
hurricanes; int er tropi cal convergence zone; and using weather 
satellite images to enhance a study of the Chesapeake Bay. A list of 
resources is also included. (JRH) 



Reproductions supplied by EDRS are the best that can be made 
from the original document. 



bout This Publication 



The Maryland Pilot Earth Science and Technology Education Network (MAPS-NET) 
project was sponsored by NASA to enrich teacher preparation and classroom learning 
in the area of Earth system science. Teachers who participated in MAPS-NET completed 
a graduate-ievei course and developed activities that incorporate satellite imagery and 
encourage the hands-on study of Earth. 

This publication includes the Teacher's Guide that replicates much of the material 
taught during the graduate-level course and Activities developed by the teachers. 

Both rire impcjrtrint elements in the series, Looking at Earth from Space, developed 
to provide' ttvicheis witl i ri comf^rehensive ripproach to using satellite imagery to 
enhance sc I 'nc e education 

Tne leuctK'f 's Guide wiW enable teacfiers (and students) to exftiand their knowledge of 
the armos()here, c c'mmon weather pritterns, and remote sensing Because the Guide is 
desicjned to i‘xf)and tc'achers' knowledge, it is divided into topical chapters rather than 
by (jrade-level The Activities arc' listed by suggested grade level 
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SCIENCE Content Standards 




his publication responds to the following content standards proposed in 
the Draft National Science Education Standards’. Note that this is not a 
comprehensive list of the standards, and includes only those relevant 
to this publication. 
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LOOKING AT EARTH 

FROM Space 



The launch of the first environmental satellite by the United States on April 1 , 1 960, 
dramatically changed the way we observe Earth and the frequency of those observa- 
tions. Looking at Earth from space meant that monitoring the atmosphere was trans- 
formed into a global capability and perspective. Isolated local information became a 
component in a worldwide view of the atmosphere. The polar ice caps and the large 
areas of Earth's surface covered by water could remain inaccessible to ground observers, 
but that did not preclude information from being obtained by remote sensors. 




ophisticated technology enables and challenges us to: 

• observe the changing Earth system, 

• identify the changes caused by nature and those effected by humans, 

• understand those interactions, 

• assess the impact of those changes, and 

• eventually, predict change. 



Technology provides constantly improving tools for conducting this task, but scientific 
knowledge, observation, assessment, and prediction are the objectives that drive it forward. 



Remote sensing is the ability to acquire information about an object or phenomena by 
a device that is not in physical contact with that object. Direct readout is the capability 
to acquire information directly from environmental satellites. Users of ground station 
equipment can obtain real-time data from environmental satellites. Data can be dis- 
played on a personal-computer screen as images of Earth (similar to those seen on tele- 
vision weather forecasts). This exciting capability is impacting the way many students 
now study Earth, and providing many with experience using first-hand satellite data. 



The practical utilization of technology has real merit in preparing students for future 
careers. But more importantly direct readout technology transforms them into explor- 
ers. This experience can spark interest in science and math, further understanding of 
our planet, and provide a clearer perspective of our individual and collective responsi- 
bilities caretakers of Earth. It underscores the importance of international coopera- 
tion for observing Earth and developing strategies to preserve it. 

This Teacher's Guide was developed by the NASA-sponsored Maryland Pilot Earth 
Science and Technology Education Network (MAPS-NET) project MAPS-NET, in partner- 
ship with the University of Maryland, College Park, Department of Meteorology, imple- 
mented a science-based utilization of direct readout to study Earth, The MAPS-NET 
materials enhance both teacher preparation and existing school curriculum. 
Participating Maryland precollege teachers developed activities and contributed to 
both the course content and the development of this Teacher's Guide. Their emphasis 
on curriculum relevancy and classroom implementation was the leading influence in 
shaping the information presented in this manual 



This Guide was designed for teachers (as background, for training, or for classroom 
application) and foc uses on the study of meteorology, with application to satellite 
imagery. Segments on topics such as environmental satellites, orbital prediction, and 
setting-up environmental satellite ground stations are included Each chapter may have 
independent classroom application, <is well as contributing to a comprehensive under- 
standing of looking at Earth from space 
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NASA'S Mission to 
Planet Earth 



The perspective from space is a unique one, providing a global view that is available in 
no other way. While scientists of the past were limited by the types of observations 
available, today's scientists use measurements collected from a number of perspectives. 
Data from space-based instruments have become an integral tool for studying our 
global environment. For example, remotely-sensed data indicating ocean temperature 
helps explain changes in polar ice, ocean vegetation, and global weather patterns. 
Global ozone measurements from space were the key to discovering the ozone hole. 
Studies of ocean color provide information about ocean vegetation, pollution, 
changes in ocean chemistry, and subtle changes in climate. 



NASAS Mission to Planet Earth (MTPE) has evolved from international concern about 
our environment and the need to mount a global effort to study the causes of cli- 
mate change. This program is dedicated to understanding the Earth system — how 
the land, water, air, and life interact and how humans are affecting this system. 
MTPE IS pioneering the study of global climate change and is laying the foundation 
for long-term environmental and climate modeling and prediction. MTPE is focusing 
on climate changes — those changes that could occur on time scales of decades to 
centuries — and possibly within our lifetimes. 



This effort involves gathering long-term global measurements of the Earth system using 
spacecraft, aircraft, balloons, and ground-based observations. The gathered data is used 
to build complex computer models that simulate the processes governing the Earth 
system. These models will ultimately serve as prediction tools for future global changes 
providincj information nc'cessary for making informed decisions about the environment 

A number of MTPE satellites are collecting data. Two major research satellites are the 
Upper Atmospheric Reserirch SatcHiitc (UARS) and the Ocean Topography Experiment 
(TOPEX/ POSEIDON) UARS, launched September 1991, is investigating the Earth's 
upper atmosphere and the effects of human activities on stratospheric ozone leve.'is 

Understanding the ciyriamics of oc c.’an circulation and its role in climate change is the 
mam goal of TOPEX/POSEIDON, ajoint effort between NASA and the French Space 
Agency, launched in August 1992 Oceanographers are using data from TOPEX/ 
POSEIDON to study climatic f ihenomenon such as El Nmo, a recurring event that 
brings devastriting weather to several global regions, including heavy rains and flood- 
irig to California, colder than normal winters across the United States, and severe 
droughts and dust storms to Australia Insights gained from the TOPEX/POSEIDON 
investigatiorT will not orTly advance our basic science kr iwledge, but will also aid in 
miticjation of econiomic and cuTvirorTmental impacts related to climate. 



The centerpiece of MTPE is tfie Earth Chbserving System (EOS), EOS will consist of <-) 
series of small- to intermc'diate-sized spacecraft, planned for launch beginning in 1998 
These satt'llites will f)rovid(' fjlobril mcsrsurertients over an eighteen-year period 
Measuiertients for tins f)eriod or loncjer arr’ needed t< assess the impact of natural 
changes (e g , El Nino events and tfic' sul.ir cycle) versus human-caused changes 
(e g., ()ollution, urt)arTi/rrtiorT) FOS Sritellites will carry a suite of instruments desicjner] 
to study glrdvrl r lirnatr’ c h.incje, focusing on the following key research areas' 
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1 . The role of clouds, radiation, water vapor and precipitation. 

2. The primary productivity of the oceans, their circulation, and air-sea exchange, 

3. The sources and sinks of greenhouse gases and their atmospheric transformations 

4. Changes in land use, land cover, primary productivity, and the water cycle 

5. The role of polar ice sheets and sea level. 

6. The coupling of ozone chemistry with climate and the biosphere. 

7. The role of volcanoes in climate change. 

In addition to EOS and research satellites such as LIARS and TOPEX, MTPE will include 
Earth Probes — discipline-specific satellites with instruments that will gather observa- 
tions before the launch of the EOS platforms. Earth Probes will include the Tropical 
Rainfall Measuring Mission (TRMM ), Sea-Viewing Wide Field Sensor (SeaWiFS), which 
will measure ocean vegetation, reflights of the Total Ozone Mapping Spectrometer 
(TOMS), and a NASA scatterometer designed to measure ocean surface winds (NSCAT) 

Data from these missions will be complemented by other datasets. Space Shuttle exper- 
iments, Landsat data, data from U S., European, and Japaiiese-operated pc)lar and 
geostationary environmental satellites; and ground-based observations from shij)s, 
buoys, and surface instruments all contribute to MTPE. 

MTPE Information is not only critical for scientific research, but can also play an import. ini 
role in science education Througfi educational materials such as Looking at Lrarth from 
Space, NASA encourages teachers to use a space perspective to spark their studs nts' 
imagination, and capture their interest in and knowledge of Earth system sc ic'nre 
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Sample uses for Direct Readout 
Images and Data in Earth Science Study 




iology and Agriculture 

• use sea surface temperature to determine 
location of various spec les of fish 

• determine probable crop production (cropic sl 

• land management 

• correlate rainfall and vegetation vigor 

• study effects of acid ram on vegetation 





eology 

• identify land formations, coast lines, mountain;,. Likes 

• determine areas of v' ater sheds 



locate active volcanoes 

monitor Earth resources 

compare water and land temperatures 

identify renewable and non-rencwable reM)ufcc‘s 

study how Earth evolves over, time 




eteorology 

• produce daily weather reports, monthly averages, annual coriipansor 

• develop weather forecasts 

• track severe storms 

• study upper air circulation and jet streams 

• measure snow and ice areas 

• compare Earth and satellite views (jf ' ouds 

• develop cloud cover indexes for regions of the' Earth 

• compare seasonal changes of a specific re gion 

• identify weather fn^nts 




ceanography 

• study sea surface temperaluic's (cuirents) 

• f,ircdi( t fisfi firirvest tiased uf)on sea siiifai e tenifrer.Uures 

• f f mdi K t tiHK' sti idit's ( omf)arin( ) ci' 'sion, Lind formations 




Weather Systems and 
Satellite Imagery 




n hls chapter provides a theoretical and 
technical discussion of how satel- 
lite Images can be used to under- 
stand the most common weather 
pattern observed In the northern 
mid-latitudes of Earth. 



This chapter was prepared by 
William F. Ryan, University of 
Maryland, College Park, 
Department of Meteorology. 
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Introduction to Mid-Latitude 
Weather Systems 




action 1 

One of the first applications of data and images supplied by satellites was to improve 
the understanding and prediction of weather, The object of this chapter is to use 
satellite images and meteorological concepts to describe the most common weather 
patterns of a portion of the Earth's atmosphere. In this chapter we will concentrate 
on the northern mid-latitudes, the area of the Earth between 30 and 60 degrees north 
latitude, and the extratropical cyclone which brings the ch .nges in weather that we 
experience in these latitudes. 



In figure 1 a (page 1 0), a full disc image of the Earth taken from the GOES* satellite is 
shown. The region of the mid-latitudes is distinguished by the wave-like structure of the 
clouds that are observed. The length, amplitude, and number of these waves have 
remarkable variation. In addition, the waves evolve over time and space. In figure 2 
(page 1 2), a GOES image of the continental United States shows a close-up of one 
mid-latitude wave An even closer view can be obtained from a polar-orbiting satellite. 






* Tvo m<ijor types of meteorological satellites 

; nviranmcnt.il (also known as meteorological or weather) satellites are 
unmanned spacecraft that carry a variety of sensors. They scan the Earth and 
(’!(>( tronically transmit acquired information back to Earth Two types of meteo 
foloqical satellite systems provide direct readout service. The satellite systems 
rtf(.‘ geostationary and polar-orbiting, named for their orbit types. The satellite 
images in this chapter are from U.S. Geostationary Operational Environmental 
S<itellites I'GOES), and U S polar-orbiting satellites (NOAA-series) See the chap- 
ter f)n satellites for more information 






fiqurc ](^ GuES 7 imcKjt\ December b, 1994, 1800 

irrecje courtesy of SSFC Univtysity of Wisrc^riMfvMridisf )m 
fectencjk’ indicetes l(xetic)n of f)(,)lor'C.)rh(t('f iniricje in fujijfo M) 










figure I b Polur-orbiting Sritellitc image for December ' 3 , I 994 

iir'i.Kje courtesy of D Tetreriult, University of Rhode Isl.mrl 
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figure 2. GOES image of wave pattern in U.S. April 30, 1 700 UTC. 

image courtesy of M. Ramamurthy Un»versiry of Illinois, Urprina/Champaign 



Because the GOES image has a very Vv^ide field of view, it is A)\c to ot:)serve the extrat- 
ropical cyclone in its entirety, The polar orbiter can often observe only r) portion of the 
entire wave, although the resolution of individual clouds is rriuch more precise in the 
polar-orbiter image. The greater frequency of the GOES irnricje {(.)ncc‘ per hour) also 
provides the ability to closely obsewe the evolution of weatfver fer^tures GOES images 
are now readily available on the Internet Informrition r^bout obtaining images electrorr 
ically IS included in Section 6 of this Chc^pter arxJ in the Resourc(‘S section 




Because wave motion is so important to weather prediction, meteorologists have 
devised standard terminology for discussing wave structure. An idealized wave is 
shown in figure 3. Waves tend to be quasi-horizontal. The top/northern-most exten- 
sion of the wave is a ridge, the jagged line in figure 3 is the ridge axis. In general 
terms, weather conditiohs beneath the ridge axis are dry and storm free. The bottom/ 
southern-most extension of the wave is the trough, it has a trough axis represented 
by the dashed lihe /As will be shown in section 3, the area just ahead (east) of the 
trough axis is the preferred location for storm development. The area to the west of the 
trough is usually cool and dry. 




figure 3 ( ommon mid-latitude weather pattern comma cloud 

Wcathc'i disturbances in the vicinity of atmospheric waves, like' ocean waves nt?ar the 
be.tch, have a life cycle in which they initiate, amplify, break, and then dissipate, /\s a 
mid-I.rtitude cyclone moves through its life cycle, certain chrU<icteristic: cloud shapes 
develop that can be observed from space. At the mature staeje, wTien the weather 
<issociated with the wave is most intense, the s<rtellite signature is th(' spiral-shaped 
comnici cloud and the' wc'ather system associritc’d with it is a rye k>ne or cyclonic 
disturfrance (figure 4a) 

Tfiere is often cortfusion associated with the term cyclone Cyclone refers to larc)e-sc.ale 
closed ( irculations in the atmosphere whose direction of rotation is counter clockwise 
in tfic' Nr)rfh('rn f lernisphere Cyclones in the' tropic s, sue ft <rs humr anes, rue referred 
to as tropii cil rydones ( yr lonc’s in the upper kititudr's .ur' called extratropical. or 
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rnid-latitude, cyclones. In this chapter, cyclone, or cyclonic disturbance will be used 
solely to refer to extratropical weather disturbances, which are the characteristic 
weather developments in the mid-latitudes. 

The length of the wave, which often contains a comma cloud as in figure 3, is usually 
several thousand kilometers. This is generally referred to as the synoptic scale. This 
scale of wave is common in the northern mid-latitudes. There are many important 
smaller scale events that can very usefully be observed by satellites, these will be dis- 
cussed later. These smaller-scale events are generally termed mesoscale and include 
both hurricanes and tf ,e massive Great Plains thunderstorm systems that can spawn 
destructive tornadoes. For most of this section, we will look carefully at the larger syn- 
optic scale waves and the extratropical cyclones associated with them. 



synoptic scale 

! Scale of atmospheric motion ttiat coveis the range of Itundreds of kilometers to 
; several thousand kilcimeters in the' horizontal. An example of synoptic scale mete^- 
I orological phenomena are extratropical cyclones and high pressure systems. 

I 

! 

I mesoscale 

i Scale of atmospheric motion that covers the rruigo from <-} few kilometers to sev- 
I era! hundred kilometers--in tfu* hori/onral. Examples of meteorological effects 
j that occur in the mes(.)scale arc* squc^II lines arid sea bree/e frc;nts, 



If we see comma cloud as in figure^ 4a (page I 5). what car^ we say about the weath- 
er associated with itP If we watch or listen to broadcast meteorologists, we often hear 
abcjut approc^ching cold or warm fronts which are displayed on the screen in blue and 
red lines (figure 4b. page 1 6) Commonly used weather symbols are shown in the glos- 
sary on page 322, In a geneial sense, the western edge (.)f the tail of the comma marks 
the location of the cold front. A warm front is often associated with the head of the 
comma. Wfiere the two fronts intersect is often the location of the area of lowest sur- 
face pressure -which marks the cer^ter of the cyclone. Around this center of low pres- 
sure, lines of equal pressure or isobars radiate outward As we will see in more detail 
latcT wind flow is generally parallel to the isobars and therefore circulate counter-clock- 
wise about the center of low pressure 

We c<^n make certain prelimir^ary guess(.'*s <if)out th(‘ current weather and the changes 
tfifU will occur in the next fc‘w hours based solely on the* comma cloud pattern. In this 
cast', the area behind the cold front is rc’lativoly cold <ind dry with winds from the west 
or nc^rthwest, The area ahead of thc' colei front is usually moist and warm (the warm 
sector) witfi wirnJs from the south and southwc'st. Along the frontal boundaries lie 
cloud hfinds which are assoc latc'd wilti rriiny c onditions The* c loucis along the cold 
frcjnt oftc'n contain isolaieci, veriically-cievelopc'ci clouds with thuncierstof ms and brief, 
fieavy rain Along the warm frc;nt arc' layerexi ckjuds at varicjus altitude^ with little verti- 
( ril d(’vel(.)(;fT]t 1 ]\ Surf( u r ( )nr 1i{k ms arr ( ivc'rc rist, (,)('rh( if)S witfi oiiri 
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figure 4a. GOES image April 30, 1994 1200 CDT 

image courtesy of M, Ramamurthy, University of Illinois, Urbana/Champaign 
c ornma cloud system 





figure 4b, SurfcKt' fxessure iivlci ciruJ fronts 

Con tx‘ c onto o tr'ornsporc'oc y ruicl overloid on ti(jur(^ 4ct 



In the next sc'ctions wv will ck'sc fit.M.‘ ir'i cjUfilitotivo ti'mis flow ('‘xrr<Urof.)iCfil cyc lont^s 
dev('}op ond the sotiditt' SKjnotures osscx loted with Uuvn A storndtird theoretiCt^l rTiock'l 
will tx’ usec.l lo onsw(x (jui’slions <4)r)ut tfx' initiotion orx.l dev(.'lof)fTX'nt of these storms 
Kec^p If') r7iind tfiot tt'X'reoM' otfx^r weotfx'r fkx’f^orTKxnd tf 7 <x do not fit this mode! of 
extro tf(jpi( ol (.yckxies y(‘t do rosuit in iniportorit we<itfxx effc^rts Th(‘S(" phc'norTX‘r')o 
ore on o scole tliot ((Ui i)e refUldy ot)S(’fv('d f)y fX)lor ort)itin(j sot^dliti’s end will ix' 
disc uss('d lo s(x tion C 
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Wave Motion and the 
General Circulation 




ection 2 

The weather patterns that we experience in the northern midlatitudes are driven by 
the unequal heating of the Earth's surface. The tropical latitudes (23°S - 23°N) receive 
more energy input than the higher latitudes. Because the amount of heat energy rera- 
diated by Earth back into space is approximately the same anywhere on the globe, the 
energy imbalance is mainly due to two factors (figure 5). 



■ First, the Sun's rays are nearly perpendicular to the surface near the equator. As a 
result, they travel a shorter distance through the dense lower atmosphere and are 
less likely to be reflected or dissipated. 

■ Seccjnd, the tropical regions receive more of the Sun's energy per unit area due to 
the curvature of the Earth. 



The presence of waves and weather disturbances in our latitudes is a result of the 
Earth-atmosphere system attempting to restore balance to the system by transporting 
excess energy from the south to the north. 
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differential heating (latitudinal) 




Z “ the optical path through 

Earth's atmosphere ' 

1 

A = surface area 



^2 

Result: 

• longer optical path at pole 
- more reflection, 

absorption, scattering 

• larger area per unit of 
insolation at pole 
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The (jener.il urc uldtiun c;f the atmosphrjie - the aver,ige notion of the winds around 
rti(' (jlot)c IS also driven t^y the differentul heritincj of ttn' F arth In tfie simplest terms, 
excess ficsitiruj near tlie ('qu.itor causes the <iir to e-xpand c, swr'll over the eqtjatorial 
regions U()w<ird motion .issociated with this hesitincj is ry()ift„y concentrated in a 
relatively n.irrow band namc'd the Inter-TropIcal Convergence Zone (ITC7) Tfie 




1 / 



o > 

• i 





Scitcllite sigrit-iturc of the ITCZ is a band of clouds, usually bill thunderstorms (cumulonim- 
bus), that circles the oceans near the equator (figure 6) The position of the ITCZ varies 
seasonally, moving northward during the northern summer and moving south during 
the northern winter The ITCZ forms as a result of moist air rising under the influence of 
strong surface hc?ating. Upward motion along the ITCZ is limited to approximately 1 5 
kilometers by the presence of the stratosphere. The stratosphere, which is kept very 
vwirm by its abundance of ozone efficiently absorbing solar radiation, acts as a lid on 
the lowest portion of the atmosphere — the troposphere (figure 7, page 19). For practi- 
cal purposes, all the weather that we experience occurs in the troposphere 
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iKiUM'd IK/ I ull (lis( ('i( )[ S initicje witfi lO'N 1 0 S huIk at' rl 

im.Kje ((.lurtesy of tfie SSFC Univeisity of Wisconsin .Vladison 



Ihc ,iif III, It uses in the vk inity of the ITC / must Sfiusid out, oi divenje, ,tt the t(jp of 
tfie tio()o-,|)tiere In ttie sinifilest ( use (ficji 'e8h, fiacjc A)]. W(,‘ ujuld assume th.it th(> 
I .irtti fi,is a onea ell t le ^ il.ifion in wfiicfi tfie an lifterl ,it tfie IK / tiavels noitfi until it 







reaches the cold polar legions 
and then sinks. This would be a 
direct way to restore the system 
to balance. However, due to 
complex effects, the circulation 
associated with the difterental 
heating of the atmosphere is not 
a simple ur\.'-cell (. irculation from 
equator to pole. Inste.'ad, more 
compk'x multi-cell structure^ acts 
to transport heat energy from the 
equ.ttor to t!ie poles 
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Simplified View of General Circulation 

The rising air near the ITC2 1 diverges at the top of the troposphere and some portion travels north 2 
/' . the air moves north it radiates energy into space and cools As it cools it becomes more dense and sinks 
3 The area of sinking motion, or subsidence, occurs near 30 N A region with strong subsidence is typically 
very clear and waro) with light winds The subsiding air reaches the surface and branches outward 4 with 
the northern branch traveling north 6 and the southern b' mch traveling south to complete Hadley cell 
circulation 5 The northern branch collides with cold dense polar air moving south t This area, ma’ked 
bv the cold front symt)ol ( ▲▲▲ ) is often the location of frontal jonos and cyclonic disturbant es 
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In figure 8a (page 1 9), a simplified description of the general circulation of the atmos- 
phere in the Northern Hemisphere is given. The area of interest for this section is the 
northern latitudes where the northward branch of the Ferrel cell (point 6) interacts 
with polar air moving south (point 7). Instabilities associated wi the coexistence of 
these warm and cold air masses are responsible for the wave motion that is character' 
istic of the weather in mid-latitudes. The i_,eneral circulatio.n shown in figure 8a has 
several distinct circulation regions, or cells. The horizontal air motion associated with 
these cells, however, is not directly north-to-south (meridional flow) because the air 
IS flowing over a rotating sphere (see figure 8b). 



Ferrel and Hadley cells 




figure 8b 



Hadley cell 

Single-cell model of circulation that assumes Earth is uniformly covered with 
water, that the Sun is always diiectly over the equator, and that the Earth doc'S 
not rotate Circulation consists of a closed loop witli rising air over the equator 
and sinking air over the poles Named after IStti century .meteorokxjist. 
George Hadley 

Ferrel cell 

Each hemisphere of the rotating Earth has three cells to redistribute encrejy The 
middle cell, rvimed for American meteorologist William Ferrel, is completed 
when surface <iir from ttie horse latitudes flows poleward toward the polar front 

Surf<ice tiiqh f)iessure is located rit the poles rind ncvir M) l.ititude, lc)w fires 
sure exists over tfie ecfUritor and 60 ’ latitude' 



Her. lose thr Earth is rotating, our fioint (>' view atiout loi al mniions -ouf fr,iMU' of ref 

erence is lotritincj ,is well (ficjure 9, prigi P\) Altf'iougti tins motion is imperc('f)tible to 

us, if we observe Earth from ri vantage point in space, the Erirth rotatc's beneath us 
from rirffii to li’ft (c ounterc lor kwisf’l As an ex,iirif)le of tfie effi'r f of tfie F.irths ii.it<ition 
on relfitive motion fifjure 9 shi iw' ri tirisefiall (or p,irc (“I of ,iir) movini) nortf'iWtirrf at 
high sper'd from fioint A to fT If ttif,' lenrfth of tfie ti i /. Ii mg erioiKjh, tfie f utfi will 
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rotate under the baseball (or parcel of air). Although the baseball continues moving 
north, relative to our geostationary point of view, when the path of the baseball (or air 
parcel) is traced on the Earth's surface, it appears to have curved to the right. The 
apparent force which accounts for such curved motion in a rotating frame of reference 
IS called the Coriolis effect. The Conolis effect accounts for the large scale horizontal 
winds that are driven by the general circulation of the atmosphere 



Coriolis Effect 
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j The Coriolis t'ffect has several important (:ti<irac.teristics 

I 1 The Coriolis effect is a deflecting forcr'. It <icts ,it right angles to wmd direc- 
tion but does riot affect wind speed 

2 The strength of the Coriolis effect IS proportional to wind speed. i 

3 The Coriolis effect dc'flects winds to the right in the Northern Hemisphere. | 

j Thus nortfierly moving winds are bent eastward and southerly moving | 

; winds arc.' bent wc'stward Tfie reverse is true in ttie Southern Hemisphere i 

; (winds ,ire cJi 'fleeted to the k'ft, meaning northerly moving winds arc bent j 

' w(.'stw<ird and souttierly nujvinc) winds are bent eastward.) i 

■t I hc're IS no eftec t at the eciuator i 

; ' j 

Itie irifli lerir e i )t ttie ( i iru )!is etier t ( in ( jeneial ( irr ulatK rn r jives us the (rrc'vailing wincJ 
rec jimes tf i. 't wee ' r rhsc 'ived I >y sailor s r entur les ai jo Pair e,'<rimple. the winds tfiat 
move from nortfi to socun nom tfie lower latitudes inU.i tfie I1C.7 are deflected to the 
ri()fit (westwar 1) and fnodiir e the nortfic'ast trade winds, otrsc'rvf'd in tfie Carititiean 
and I lawaii (fir.jure 1 0. paije 22 ] Ihe winds tfiat move soutfi to-north in tfiC' midlati- 
tudes .ire defier ted to ttie m jtit and form tfie pressiilinr j westerlies in tfiis arc'a 
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Now thrit we undt'rstfind the overall circ ulation pattern', of the atmosphere, we can 
return to the eneigy balance issue; the transport of heat from the equator to th(’ poles. 
The southernmost cells of the general circulation (Hadley and Ferrel) are fairly efficient m 
transferring heat directly from the tropical regions. In the mid-latitudes, tfie general circu- 
lation and the Coriolis effect combine to product’ conditions less favorable to energy 
transfer. The rnid-latitudc, westerly winds are opposed by easterly winds produced by 
polar air sliding southward (figure 10), Dcre to clif'erences in density, the two air massc’s 
do not readily mix and the transfer of warm air poleward is retardc'd. How tfieri is heat 
transported poleward across the mid-latitudes to restore balance to the system? 

The mechanism which transports energy poleward in the mid-latitudes is the cyclonic dis- 
turtxnce. On satellite images, the distinct comma cloud pattc'r ri assor iated witfs thr,’S(' 
storms indicates the energy transfer The process by which the transfer of warm air (jok,.'- 
w.rrd occurs is summarized in qualitative terms in figure I I (page- 2.3) The process b(,'gins 
witfi the transport of warm air to the mid latitudes. As noted above, this air mass does 
not rc'adily mix with dc,'nser polar air. Over time, the west winds in thc> r7iid-krtitucies con- 
tinue to absorb heat traruporterd northwaid and a strong latitudinal temperature gra- 
dient develops with increasnrjly warm air bordering on cold f,t)olar .tir. As the’ gradient 
bccorTies progressively stronger, a small disturbance, wfiich is often associated with the 
mcjver ner'it of smaller scale waves and the structure' of the jet stream, begins to ar^iplify 
Over time, a large Wuve develops wlnich sweerps waim air poleward aneJ finally hc'at is 
(’xchanged Tfie latitudinal tc'mfieraturc' gradient decreases and statjle roncJitions return 



ical latitude's rc’ccave m(,H(- energy from the Sun than the highc'r Ichitudes 

Averaged over Eartfi, inr (,iming radiatiori from thr' Sun approxim.rteiy equals outcjoirx] Tarlh 
radiatictrn, Howcvc'r, this t'nc'rcjy balance' is riot m.iintainc'd in all latitudes-— tfie tropics e*xpen 
ence a net gam, tfie polar regions a net loss 



Eartns vx/eather patterns are.' a result of the une'ejual lieating e.)f the Earth's scirfar (' flit' trof) 



The Earth-atmosphere' syste'm atte-mfits to 
restore balance tej the system by transport 
inq excess energy from the equatorial 
rc'ej nns to the pok's 



Coriolis Effect & General Circulation 



Differences in pressure within the' atmos 
phere cause' <rir to move' wind te,j tilovv 
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Waves in the Mid-latitude Westerly Flow 
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barocllnic stability 

Straight Westerly winds 
do not efficiently 
transport energy 
poleward. The 
latitudinal 
temperature 
gradient will 
build up. 
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barocllnic instability 

Meandering, wavy westerly 
winds will yield large-scale 
pxchanges of warm and 
cold air, thus transporting 
energy poleward, As 
energy is transported 
poleward, the 
latitudinal 
temperature 
gradient will 
lower. 
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figure ' ’ adapted from the course materials of Dr Qvvcn Thompsoia, 

University of Maryland 

The cycle shown in figure I 1 is idealised and occ.urs in many different permutations 
with a variety of regional effects At any given time, several examples of the process 
can be observed on GOES images (figure 1 2) 

figure 12 GOES image, May 15, 1994, containing several cyclones, 

image courtesy of M. Ramamurthy, University of Illinois, Urbana/Champaign 
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Cyclonic Disturbances 

AND BaROCLINIC INSTABILITY 





ection 3 

In this section, the wave motion that is characteristic of the weather in the mid-latitudes 
is investigated in more detail. A pattern of regular storms in the mid-latitudes has been 
known for many years (see historical note on page 25). However, the first modern par- 
adigm for describing the development of mid-latitude disturbances did not appear until 
the time of World War I At that time Vilhelm Bjerknes— a noted hydrodynamicist, his 
son Jacob, and other Norwegian scientists set up a research facility in Bergen, Norway 
Because of the war, all sources of weather data were cut off. To prepare local forecasts, 
the group — later known as the Bergen School, set up a dense observational network 
across Norway. The data collected from this network was used to develop what has 
come to be known as the polar front theory. This theory postulated the existence of the 
now'-familiar warm and cold fronts, as well as the three-dimensional motions associated 
with them. Although many of the concepts associated with the polar front theory had 
already existed or been hinted at, the scientists of the Bergen School created a com- 
plete and coherent three-dimensional picture of the life cycle of extra-tropical cyclones. 



The data upon which this theory was based was primarily a network of surface obser- 
vations, supplemented by limited upper air data. The polar front theory predates many 
observing systems in use today including the global upper air observation network, 
radar, and satellites. However, the basic insights contained in this paradigm still form 
part of the current understanding of extratropical cyclone development and are a use- 
ful place to begin to understand what we see on the satellite images 



I 



I 

i 



Polar Front Theory 
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figure 1^ (lanc’l l,a-d four-stage prr'ssure and front fields 

fianel 2, a-d four-stac]e wind and temperature field 



Ttie evolution of ttie wave as desr riped by the polar front theory is snown in figuri' I J 
Fhe symbols for fronts are shown in the G/ossary under weather symbols The wave 
passes through sevt'ial distinct stacjcs witfi characteristic surface wc'ather phenomr'iia 
assoc uted with eac fi statje 
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• In '^wge la, and lb,, a stationary polar front exists in a region of locally lower 
pressure (pressure trough) between two air masses. Cool polar air is to the north 
and warmer tropical air to the south. This is a local expression of the stable 
condition shown in figure 1 1 (page 23) regarding thC' general circulation. 

■ A kink or open wave forms in stage b with low pressure at the center of the wave. 
The inverted V-shape in stage b now contains the familiar cold and warm fronts. 
The cold front moves faster and eventually catches up to warm front, 

■ The top of the inverted V becomes closed in stage c. This is the occlusion stage 
of a mature system, the storm is now intense with a distinct comma shaped cloud 
p<ittern associated with it 

■ As tfte occlusion f)i ogresses in stage d, the mam area of warm, moist air becomes 
isoiatc'd from its scx..jrce The storm will spin about itself and slowly dissipate. This 
isolat'd aiea of swirm an isvarm eddy) in stage cl is an example of the poleward 
transfei of htsit that acts to restore the E<irth system to balance 



Historical Note 

Advances in the field of meteorology have paralleled general technological advances, 
The invention of the telegraph in 1845 allowed, for the first time, the rapid communi- 
cation of we, ithei d,ita and tlie ability to create timely weather maps. The day-to-day 
weather motions revealed by these charts provided the ability to provide short-term 
forecasts The first rc'gLilar storm warnings were issued in the Netherlands in 1860. As 
the' neKvork of surface observations increased, and theoretical understanding 
improved, the first general theory of wave development, the polar front theory, was 
introduced in the early 20th century (191 7-1922). 

The shortcoming of weather analysis up to the early 1 920s was the dearth of observa- 
tions of upper air ccmditions. However, advances in radio technology and associated 
improvements in storage fratteiy technology made possible the invention of the radio 
meteorograph (radiosonde) Inexpensive radiosondes were the key to the develop- 
ment, during the period from 1 920-1 950, of a global network of regular upper air 
observations. The data from this network stimulated theoretical investigations of the 
physics of the atmosphere culminating, just after the Second World War, in the work of 
Jule Charney and Arnt Eliassen. These scientists, working independently, adapted the 
general equ<nions of hydrodynarnics to provide the possibility of a mathematically man- 
ageat.ile dc'cciifition of thrc'e-dimensional atmospheric motion 



Ilie (jrotjlem vvitli theoretic ,il investig.Uions C5f ,itmospheric motion was the inability to 
c.,)rry out tfie immense' numt)er of c<ilculations involved in solving the equations of 
motic.rn. Tfie .idvent of tfie c]eneral purpose (fxogramrnable) computer in the early 
1950s finally sumiountod tins piohlem and allowed rapid and significant acfvances in 
mrteorolocjv In fac t, the fust (x'.u c'timi' use' of a multipurpose electronic digital com- 
puring mar hine (ttie Her tionic Numc'nc .il Intc'cjr.itor ,ind Computer or ENLAC) was to 
I rredic t v\ i’, It h( 'I In the f r allr ivs'inr j ye, ir s, advar u c's in sc'mi-c onduc tor tec hnology fias 
m.ule (omputers more (K'vs'eiful ,inrl ,ibk' ter solve more' c ompk'x forc'cast problems 



However, any computer forecast is dependent upon the data used as inpu. While a 
dense neavork of observations existed over the land areas of the Northern h. -'misphere, 
many remote areas of the globe — particularly the oceans — were not routinely 
observed. The satellite era, beginning m the early 1960s, provided the capability for 
global weather observations These observations further improved computer forecasts 

In the future, advances in observations, computing technology, and remote sensing will 
continue to drive advances m forecast meteorology, particularly in the areas of longer 
range* (greater than 6 day) forecasts and local, severe* weather forecasts The* information 
now becoming available from Doppler radars ancJ the* new generation of cjeosyr^chro- 
nous satellites w-ill also improve the theoretical understanding of the atmosphem. 



Tfu* polar front theory gamed geru*ral arceptrincc* by World W,.-*r II beeviuse it was able 
t<.) f-xplam the observed weather associated with rrnn-iatitude disturbances In figure 
I 4a. vertical cross-sections through the cold and warm fronts <ire shown The cloud 
patterns that are associated with the different regions of the cJisturf^ance are a function 
of the vertical structure of the atmosphere at each location The cold front is character- 
ized by cool, dense air which burrow'S under warm, moist air As we will see in more 
detail later, rapid lifting and cooling of moist an product's the thunderstorms that fre- 
quently accompany frontal passages, and are often large enough to be fully detecte*d 
by satellite images Conversely, the wa'-m front conosts of warm air nsinr, cjradually 
over slightly cooler air This slow'ly rising air produces layered, or stratifor n, 'clouds 




figure 14a GOFS image* of cyclnne April 17, 1994 0100 CDT 

image oourtc'sy of M Ramamurt.hy, University of Illinois, Urbarici/CfiamfjaiCjn 
Cross sections are A 13 |( i 01 fn lOti aivl ( D ('vVriim frraiti 
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figure I 5. 

In sharply curved flow, the geostrophic assumption is no longer completely valid. It is 
observed that air flow around curved ridges and troughs is still geostrophic in direction 
(parallel to lines of equal pressure), But the observed wind speeds are not equal to that 
predicted by the geostrophic assumption, Wind speed around a low pressure trough is 
slower than predicted by the geostrophic assumption and winds around a high pres- 
sure ridge are stronger than predicted by the geostrophic assumption. To explain this 
difference in speed but not direction, we must consider centrifugal force. Centrifugal 
force is, like the Coriolis effect, an apparent force that is used so that Newton's laws can 
be applied in a rotating frame of reference. An example is shown in figure 1 6. A block 
of wood is tied to the center of a rotating platform. To an obsever outside the rotating 
platform, the block moves in a circle with force provided by the tension on the line 
(T in the figure). However, to an observer on the platform, the block is at rest. To account 
for the tension on the string, an apparent outward force— called the centrifugal force 
(Ce) — must be introduced. 
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Example of centrifugal force, block of wood and rotating platform 



figure 16 

The effect of the centrifugal force on wincJs that curve around high and low pressure 
centers is shown in figure 1 7 (page 30) and provides a clue to the most likely location for 
the development of cyclonic disturbances. The centrifugal force is directed outward from 
the center of the curved motion. Near the center of low pressure, the centrifugal force 
(Ce) opposes the PGF in this region and in order for the air parcel to continue moving 
parallel to the isobars, the Coriolis effect (Co) must be reduced. Because the Coriolis effect 
!S proportional to wind speed, the speed of the air parcel is less than it would be for 
straight flow. The flow around a low pressure center is slower than expected or sub- 
geostrophic. The reverse effect occurs at the top of the ridge. Here the centrifugal force 
reinforces the PGF and requires a stronger Coriolis effect, and stronger winds, to balance. 
The flow here is faster than would be expected for straight flow (supergeostrophic). As a 
result, an air parcel accelerates as it moves from the base of the trough to the top of 
ridge. This acceleration creates an area of horizontal divergence ahead of (east of) the 
trough. That is, air is leaving the shaded area (in figure 18, page 30) faster that it enters, 
so that the mass of air within the shaded area decreases. This reduction in mass is an area 
of horizontal divergence. Areas of divergence lead to vertical motion and are a key 
region for development of mid-latitude cyclones (figure 3, page 1 3). 

Near the surface, a different sort of balance occurs. Here the winds do not flow parallel 
to lines of equal pressure (isobars) but tend to cross the isobars at an angle slightly 
toward lower pressure (figure 1 9, page 3 1 ). This is a result of friction acting on the par- 
cel of air. Friction decreases velocity so that the Coriolis effect (Co), which is proportion- 
al to velocity, decreases. The PGF which is a constant force, becomes more dominant 
relative to the Coriolis effect, and air is drawn toward the center of low pressure. This 
flow across isobars accounts for the tight spiral near the heart of the comma cloud. It 
also accounts for converging air near the center of the cyclonic disturbance. 

The polar front theory was able to account for the wind fields we have Just discussed 
as well as provide a mechanism for the transfer of heat toward the pole. The polar 
front theory, based on surface observations, had shortcomings which became clearer 
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figure 1 9. surface winds and friction 

The theoretical explanation of the development of cyclones that succeeded the polar front 
theory was first introduced in the 1 940's. This theory, termed tl^^ baroclirsic theory, 
identified instabilities in the upper level westerlies as the key to cyclone development. 
Ttie baroclinic theory is better able than the polar front theory to predict when and 
where mid-latitude cyclones will develop. With the advent of satellite observations in 
the 1 960's, the basic insights of the baroclinic theory were confirmed although, as will 
be explained in section 5, satellites have also identified large weather-making systems 
that are not fully explained by baroclinic processes. 

While the baroclinic theory is quite complex and cannot be fully described here, we can 
point to the key factors that result in extra-tropical cyclone development and the manner 
in which they interact. Through satellite images and urface and upper air charts (all 
now routinely available on the Internet), these factors can be identified and tracked so 
that simple, but often accurate, forecasts of cyclone development can be made 



Historical Background 

Serial ascents of balloon-borne meteorograph in the late 1 920s and early 
1 930's were able to provide clues regarding the upper-air conditions associated 
with cyclonic disturbances. These showed the vertical extent of the frontal 
zones - rather than abrupt discontinuities between air masses - and some indi- 
cation of upper level wave structure. After the Second World War, a 
radiosonde network tfiat spanned the globe was set up which allowed for 
daily analysis of upper air patterns. Tfiis allowed, for the first time, routine 
observation of the strength and extent of the polar jet stream. 



Witfi the advent of routine upper air observations, it was found that cyclonic distur- 
bances tend to occur just ahead (east) of the base of the trough (figu,. 3) and that 
ttiese upper air waves— which are quasi-horizontal — amplify along with the developing 
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The interaction of the short wave trough with the surface low pressure center is shown in 
figure 20 (page 32). In figure 20a, the initial state is drawn. In this situation, there may or 
may not be a stationary front present. Often there is only an area with latitudinal temper- 
ature gradient present in the region shown by a stationary front in figure 20a. The short 
wave begins circulating through the longer wave pattern in figure 20b. The short wave 
IS identified by a kink, or constriction, within the ove''all, large scale, wave. As will be dis- 
cussed below, upper air charts at SOOmb ( - 5km above ground) or 700 mb (~ 3km) wili 
typically show the location of any short wave troughs. In figure 20c, the short wave trav- 
els into the area with either a stationary front or latitudinal temperature gradient. At this 
point, the surface pressure falls quickly and the classic wave form (compare figure 1 3) is 
present. The interaction of the short wave with the surface low pressure center causes 
the large scale wave to amplify rapidly (figure 20u’j. The snort wave trough thus acts tc 
energize the entire wave tram and heat transfer, as discussed in section 2. 

Large scale instabilities, or waves, in the westerly flow in the mid-latitudes which are 
triggered by the passage of the mid-tropospheric short wave troughs through a region 
of strong temperature gradient.s can be furthe'- enhanced by circulations resulting fiorn 
accelerations in thejet stream at the top of the troposphere. 

The jet stream is a semi-continuous belt of strong upper level winds that encircle the 
globe with wave-like meanders Thejet stream can best be described as a ribbon of 
high speed winds located at the top of tfie troposphere (10-15 km). At this height, the 
tropopause marks the limit of the troposphere and the beginning of the stratosphere 
The Jet is not continuous but has segments that are thousands of kilometers in length, 
hundreds of kilometers in width, but only one to five kilometers deep. 



figure 2 1 
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On the average, there are two jet streams present in the Northern Hemisphere (figure 
2 1 , page 33). The polar jet is found in latitudes 30°-60°N. The subtropical Jet is located 
between 20-40° N and has a distinct cloud signature which is evident on satellite images 
(figure 22). An important characteristic of jet streams is that wind speed is not uniform 
within the Jet. There exists ajet core or streak which contains the maximum winds. The 
location and movement of the jet streak is a key factor in cyclone development. 

The jet streak moves along the Jet stream in a manner similar to the way a short wave 
trough moves through the long wave pattern. Jet streoKS move slowly relative to the 
wind parcels that travel along the Jet stream. Jet streaks are analogous to constricted 
areas in a river A parcel of air traveling along the Jet stream will overtake the Jet streak 
and be temporarily accelerated beft re exiting the region. 




figure 22. GOFiS image, January 7, 1 994, 1 1 00 CST 

image courtesy of M Ramamurthy, University of Illinois, Urbana/Champaign 




Jet Stream 





figure 23. 

When the surfdcejet strenk is nc>dr ttie surfctce Icav piessure tenter, the surface pressure 
rapidly decreases 

Tfie accelerations svithin the jet streak act tr.) int re.ise upward <rir motions Because 
upward motion is limited at the tofD of the troposphere, the air then moves ouhvvard (or 
diverges) similar to the tropopauses effect orT convef non at the ITCZ, The net result ol 
this upward motion in the vicinity of the jet streak is to der rev ise the mass of air 
beneath it This results in lower surface f^rr'ssure Wtien trie jet strevik mioves close to a 
recjion with a developing surfan cyclone, the e ffect is to fiirtlier decrcvisc' fires'^urc' anr.1 
enhance the cyc lonic nrculation (fic)urc’ 2 





Divergence aloft: Chimney example 




figure 24 

Divergence associated with jet streak circulations can be compared to a chimney. If tfie 
chimney flue is open, smoke escapes and more air is drawn in to feed the fire. If tfie 
flue IS closed, smoke backs up into the fireplace and no new air feeds the fire. As a fire 
needs an open flue to grow, a deepening low pressure system must contain a deep 
region of divergence (figure 24). 

figure 25 



Mature Extratropical Cyclone 



1. At surface: 

• cold front with strong 
temperature gradient 

• low pressure center 

j 2. In mid-troposphere: 
i • amplified wave 

• cloud system in 

j comma form 

! 3. At tropopause: 

• jet stream with embedded 
jet streak 

i • cloud free zones 

I • north of comma cloud and 

behind cold front shows position 
I of jet steam 
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For understanding satellite images and the current and future weather associated with 
them, the factors discussed above point to information that is helpful to a full analysis 
The cloud patterns from a GOES image, or series of GOES images, will show the longer 
wave pattern with troughs and ridges, as well as any pre-existing cyclones. A surface 
map will show the existence of low pressure centers, surface cold and warm fronts, as 
well as any stationary fronts or regions with strong temperature gradients. A chart of the 
mid-troposphere (500 or 700 mb) will show the location of short wave troughs that ma'' 
be embedded in the large scale flow. Finally, an upper air chart (200 or 300 mb) will 
show the location of the jet stream and any jet streaks tnat are present With thi.s infor- 
mation, the presence of a mature extratropical system is easily recogni7t'd (figure 25) 
and areas conducive to new cyclone formation can be identified (figure 26) 



1 . At surface 

• region of strong temperature gradient (often a stationary front) 

2. In mid-troposphere 

• long wave trough just upstream (west) of area of strong surface 
temperature gradient 

• short wave trough embedded in larger-scale wave 

3. At tropopause 

• jet stream advances from west with embedded jet streak 



Possible Cyclone Development 




( 2 ) 



( 2 ) 



area of strong gradient in 
surface temperature, 
doesn't have to be a front ( 1 ) 
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figurr.' 26 





A sequence involving several extratropical cyclones is shown in figures 27 a-f (pages 
38-43), In figure a, a mature cyclone, centered in central Quebec, was exiting North 
America on April 1 0, 1 994 The cold f^ont associated with it is moved into northern 
New England, The froht was fairly weak at this stage in its evolution: as it trailed into 
the central United States it became nearly stationary. Along the stationary front in 
Oklahoma, Nebraska and Missouri, a slight curvature was present in the cloud shield 
This curvature was the first sign of the development of the next cyclone in the scries 




figure 27a GOES image, April 10, 1994, I 200 CDT 

imago courtesy of M Ramamurthy, University of Illinois, Urbana/Champaiqn 




In figure b, a polar-orbiter image from April 1 1 th showed the front passing through 
the mid-Atlantic states and moving out to sea. Note that the cloud deck along the 
front is not well-developed, a sign that the front is weakening To the west, however, 
a considerable amount of cirrus was present suggesting thunderstorms and signifi- 
cant convective activity. 




figure 27b. NOAA 1 0 (AM) image, April II, 1994 

image courtesy cif b Tetreault, l.Jniversity of Rtiodf island 




In figure c, the beginning comma cloud circulation is seen in a GOES IR image from 
April 1 1th. This circulation, centered roughly over Kansas, began in the curved area 
noted the previous day. The cloud shield associated with this circulation is extensive. 




figure 27c. GOES image, April I 1, 1994, 0900 CDT 

image courtesy of M. Ramamurthy, University of Illinois, Urbana/Champaign 




On the following day, figure d, the comma cloud was fully formed. The cloud stretches 
from Iowa through eastern Texas. The head of the comma is less distinct although it is 
visible over Kansas and Nebraska. 




figure 27d. GOES image, April 12, 1994, 1AM CDT 

image courtesy of M. Ramamurthy University of Illinois, Urbana/Champaign 




Two days later, on April 1 4th, this cyclone followed its predecessor and moved into the 
Atlantic Ocean, The polar orbiter image (figure c) shows the location of the front. Note 
that the cloud features are better resolved (sharper, more detailed) in the polar-orbiter 
Images than in the corresponding GOES image in figure 27f Images from the newest 
GOES satellites will be higher resolution and will provide more detailed images. See 
the Satellites chapter for more information. 




figure ?7e, NOM 10 (AM) image April 14, 1994 

linage courtesy of D R'treault, UnivcTsity of Rtiode Island 







This sequence of several cyclones following each other is fairly common As the initial 
cyclone weakens, the trailing (western) portion of its cold front will become stationary. 
This stationary front is a region of strong temperature gradients. The appearance of the 
next upper air wave and jet streak is often sufficient to start the cyclone formation 
process again. 




figure 27f. GOES image, April 14, 0600 CDT 

image courtesy of M. Ramamurthy, University of Illinois, Urbana/Champaign 




Clouds 
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In this section, cloud formation is explained and typical clouds types that are associated 
with midlatitude cyclones are described. The cloud features within a mature cyclonic 
disturbance are typically organized in a comma form. Specific cloud types can be iden- 
tified with polar orbiter images and, to a lesser extent, GOES images. 

Air is comprised mainly of nitrogen and oxygen, but also contains a small amount of 
water vapor. Clouds form when a parcel of air is cooled until the water vapor that it 
contains condenses to liquid form. Another way of saying this is that condensation 
(clouds) occur when an air parcel is saturated with water vapor. 

The amount of moisture in a parcel of air is expressed in a variety of ways. The stan- 
dard scientific measure is the partial pressure of water vapor Partial pressure simply 
refers to the pressure exerted by only the water vapor part of the air parcel. The stan- 
dard unit of measurement is millibars (mb) and is typically a small fraction of total 
atmospheric pressure. The water vapor content can also be expressed as a mass mixing 
ratio, that is, the mass of water vapor per total mass of air Mixing ratio is usually 
expressed as grams H 2 O per kilograms air. 

The partial pressure of water vapor at the point of condensation is termed the satura- 
tion pressure (e^). The saturation pressure of any air parcel is proportional to tempera- 
ture and IS described by the Clausius-Clapeyron equation, figure 28. 



saturation vapor pressure 
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firjtire 28 ClauMiis CUfX'yron [ cju,ition indicatr'S the d('f)endent e of saturation vapor 
pressure on tem()er,ifure It is dr-rived from ttie first lass' of ttu.'rrrrodynaiTrir s 
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Dew Point Temperature (T^) 




If ambient conditions are: T = , e = e^ , 

then the system is not at equilibrium with respect to HgO, 

that is e^ < Og for temperature = . 



But what happens if we cool the air, with e^ constant, so that T = T^? 




ficjurc ?9 

An cx.)mpl(' illustMtinq cloud formation is given in figure 29. The starting point for the 
parcel of air is Point A At this temperature (T | ) and water vapor pressure (ej ), the parcel 
of air IS not srituratc-d with respect to water vapor. That is, it is positioned below and to 
the right of the saturation line (e^). If the parcel is cooled with no change in moisture, it 
will move <ilong the line A-B When it reaches point B, its vapor pressure (e ; ) is equal to 
the saturation Vriftor pressure (e,;) for tf^rit temperature (T^| and condensation occurs 
Tfu’ U-rnper.tturc' at f)oint R is known as the dew point temperature or dew point. 






O 



The ratio of the vapor pressure at Point A to the saturation vapor pressure for the initial 
temperature (Point C)— expressed in percent — is the relative humidity. As the parcel 
cools along the line A-B, its relative humidity increases. When temperatures cool in the 
evening, with little change in local moisture levels, relative humidity increases and 
reaches a peak just before sunrise. 

For a given temperature (T] ); 

vapor pressure at Point A 

= relative humidity ( I 

saturation vapor pressure for Point C 

Clouds may occur when air is cooled to near its dew point. There are three ways to 
cool air to its dew point: 

I advection of warm air over a cold surface 

2. mixing air pare els of different temperature and moisture 

3, lifting of air to higher levels 



advection 

The horizontal transfer of any atmospheric property by the wind. 



First, horizontal motion (advection) of warm and moist air over a cool surface 
will cause the air parcel to cool and condensation to occur. This is how advection 



Mixing Clouds 



fog forms. 

Mixing parcels of different temperature 
and moisture can also result in cloud 
formation. The mixing cloud is 
another application of the Clausius- 
Clapeyron equation (figure 30). 

Parcf^ls A and B are both in the 
unsaturated region of the graph. 

Parcel A is warm and moist and 
Parcel B is cool and dry. When they 
are equally mixed, the final parcel 
has a vapor pressure equal to the sat- 
uration vapor pressure (e^) and con- 
densation occurs Jet aircraft contrails 
are an e.xample of this type of cloud 

A third way to cool air to its dew 
prrint is by lifting. Because pressure 
<ind accordingly, temperature, 
decrease rapidly with height, a rising 
parrel of air will cool rapidly 
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Cloud Condensation Nuclei 

In the atmosphere, clouds can form at relative humidities of less that 1 00%. 

This is due to the presence of minute (0.1 - 2 micrometers in radius) water- 
attracting (hygroscopic) particles. Water vapor will stick to, and condense on, 
these particles to form clouds — hence the particles are termed cloud condensa- 
tioh nuclei (CCN). 

CCN occur naturally in the atmosphere. Major sources of CCN are 

■ volcanoes - dust and sulfate particles 
• oceans - sea salt particles 

■ phytoplankton - sulfate particles 

■ wildfires - soot and dust 

CCN can also result from man's activities. In particular, CCN occu.' as a byprod- 
uct of any combustion process. This includes motor vehicles emissions industri- 
al activity, and controlled fires {slash and burn agriculture). 

The effect on CCN concentrations on climate is an area of continuing research 
For example, if greenhouse-gas-induced-globai warming occurs, sea surface tern 
perature (SST) will increase. Will this result in increased emission cf sulfates from 
phytoplankton? If so, will this significantly affect CCN concentrations over the 
oceans? Will increases in CCN concentrations result in increased cloud cover i' Will 
this in turn lead to a cooling effect that will modulate the warming trend? 



The most common ways to lift a parcel of air are: buoyc.ncy, tofiographic lifting, and 
convergence. Buoyant lifting results from surface heating. Tfiis is a common manner of 
cloud formation in the summer. Buoyancy lifting is also called convection and occurs 
when local warm areas heat the air near the surface (figure 31a) The warm air is less 
dense than the surrounding air and rises. The rising air will eventually cool to its dew 
point and form a fair-weather cumulus cloud. 

figure 3 1 



! The most common ways to lift a parcel of air are; 




Air that is forced into, or over, a topographic barrier will also rise and cool to form 
clouds (figure 3Ib). This occurs near mounvain ranges. For example, warm and moist 
air from the Gulf of Mexico can be pushed northwestward and up the eastern slope of 
the Rockies to form extensive cloud decks. 

Finally, lifting occurs where there is large scale convergence of air (figure 27c, page 40). 
Cold fronts are a location of strong convergence as cold, dense southward moving air 
displaces warmer air. Convergence can also occur on srna'' y scales along the leading 
edge of the sea or bay breeze boundaries. 

The formation of clouds is an application of the First Liw of Thermodynamics. According 
to the First Law, a change in the internal energy of a system can be due to the addition 
(or loss) of heat or to the work done on (or by) the system. In the atmosphere system, tlie 
change of internal energy is measured as a change in temperature and the work done is 
I. manifested as a change in pressure. Because air is a relatively poor conductor of heat 
energy, the assumption is made that the pared of air upon which work is being done 
is insulated from the sunounding environment. This is the adiabatic assumption. For a 
rising air parcel, the change in internal energy is therefore due entirely to pressure work 
with no addition or loss of heat to the surrounding environment A simple relationship 
for temperature change for a rising parcel of air can then be determined. This change 
of temperature with height is the dry adiabatic lapse rate of -9.8“C per kilometer. 



adiabatic 

The process without transfer of heat, compression results in warming, 
expansion results in cooling. 



Air is, of course, not entirely dry and always c ontains some water vapor which can 
condense as the air parcel rises and cools Condensation crc-*ates clouds and affects the 
temperature and vertical motion of the parcel. During condensation, heat is released 

figure 32. 
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figure' 33 



(Icitent h(Mt of condenscUion) This ciddition of heat to the system violates the adiabatic: 
assumption The rate of cooling of an ascending air parcel undergoing condensation 
IS, therefore, less than for dry air The lapse rate for air under these conditions is the 
moist adiabatic lapse rate and is approximately -5“ C per kilometer (figure 32). 

The process by which clouds are formed adiabatically can be summarized using buoy- 
ancy clouds as an example. In figure 33, a parcel of air (point A) is heated by the sur- 
face and Its temperature increases (point B). Because it is warmer than the surrounding 
measured air temperature, the air parcel cools diy adiabatically as it rises (line BC). At 
the height (Z| ) at which the parcel cools to its dew point (T^j) temperature, condensa- 
tion occurs and heat is released. Because the parcel remains warmer than the environ- 
ment temperature (line AE) it continues to rise but cools at a slightly slower rate (moist 
adiabatic lapse rate) The parcel will continue to rise until its temperature is less than 
th(' measured air temperature that surrounds it (Z^) At this point, vertical motion ceas- 
es and tfi(' cloud top height (Z 2 ) is attained 

M.iny c)f the ckruds foimc'd by the prcKC’sses noted above i an tx' observed t)y satc'llite. 
Ttie mid l.ititiule cyr lones ttiat ,ire the focus of this chaptf’r contain a subset of cloud 
types rtiesc' clouds ,ik' orcjanized intc'j comiTion fjattc'ins wfiicfi are dc'senbed bc'low 

rinuds aie initully r l.issifier) into types baser) on ttx'ir tint jht Itiey ,ii(' then sufxiassi 
tied t)aserl on tfieii stiapr.' While ttie sfiafie of a given cic.iurl tyfx’ c.in often be ade- 
fjuately otsserved by satellite, determination of cloud height can be difficult. In order to 
fully determine c loiirl stiape and tx''()fit, both visible rtnd infrared satellite image's are 
useful StiafH.' 01 .i(mear,nic e of clouds can tx.' clc'termirx'd from a visible* imaeje. txit 
lern()ei,itufe rind, by inferc'oc e, tieicjht -rife best dc’terrnirx'd by infr,ired imacje's 





As noted in the Scitellites chriptcr, GOES and polar orbiting satellites return both visible 
and infrared (IR) images. Visible images are created by sunlight reflected from cloud 
tops. Smooth cloud tops will give a much different reflected signal than clouds that are 
irregularly shaped. However, two layers of smooth, thick clouds will reflect sunlight in a 
similar manner making relative height determination difficult. In some cases, if the lay- 
ers overlap and the sun angle is aligned properly shadows will reveal the height differ- 
ences. In most cases, the best way to determine cloud top height is by the use of 
infrared imagery Infrared sensors detect the radiation emitted by clouds. Because tem- 
perature decreases with height in the troposphere, higher clouds will appear colder (or 
whiter) on the satellite images. If image enhancement software is available, the differ- 
ences can be accentuated. 

Some tyfX's of clouds are not observed well by satellites. Small clouds, such as fair 
W'oather cumulus, are simply too small to be resolved by the satellite sensors. Clouds 
which are thin or scattered also rTiay not be observed well (figure 34). For a thin or 
scattered cloud, a GOES infrared detector will receive infrared radiation from both the 
colder cloud fragments, and in the clear spaces — from the warmer Earth. When the 
tcjtal radiation is averaged, the satellite will see clouds that appear warmer due to this 
heterogeneous field of viev.r 

figure 34 




Prior to Inokinc] >it i" -icjes it is im()(.)rtant to t)e familiar with the c.loucis Ck.'uds most 
()ft('n ,isso( MU'd svith mid-l, ititurle cyclones are listeci bc'low and disrussed iri the 
foil( I'vVmcj paracjrafjhs 

Upper Level Clouds ( 6-1 2 km): ( irms (( i), ( urostratus (Cs), c innc umuius i( r i, 

( umiile'nimt.iLis (C.t.)) 

Mid Level Clouds ( 2-6 km): Altostr.nus (As), Altocumlus (Ac ) 

Low Level clouds: StiatusiSl] Str, Hoc omiilus I'.C |, r umuius (( II) 
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The highest clouds are cirroforrn clouds. These clouds are made up of ice crystals and 
art' found at 6-12 km. This group includes cirrus clouds, which are observed from the 
surface as thin hooks and strands. While cirrus clouc ' are easily observed from the 
surface, they are usually so thin that they are difficult to detect by satellite. In strong 
thunderstorms, however, strands of thicker cirrus clouds are often visible as outflow at 
the top of the thunderstorm (as in figure 27b ). Cirrus clouds are very helpful in deter- 
mining the direction of upper-level winds. The cloud strands, when visible, are onented 
parallel to the upper level winds. Dense cirrus decks can be observed in visible images 
as streaks or bands and can be distinguished frorri lower clouds by the shadow they 
cast below. In the infrared image (27b), the denser cirrus are very bright because of 
their cf)ld temperature, but can be subject to the effects of a heterogeneous field of view. 
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figure 36a, GOES infra'ed image, November 5, 1994 

image courtesy of M Ramamurthy, University of Illinois, Urbana/^ ham(jai( jo 
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figure 36b. enhanced GOES infrared image, November 5, 1994 

iniage courtesy of M. Ramamurthy, University of Illinois, Urbcina/Chcrmpaign 



The clouds typiCrilly associated with extratropical cyclones are illustrated in figure 35. 
Clouds that make up the bulk of the comma cloud seen in satellite images are the cirro- 
stratus clouds. As shown in figure 35, the mature comma cloud has an extensive deck 
of cirrostratus clouds. The GOES IR image in figure 36a is an example of the illustration 
in figure 35. The western limit of the cirrostratus deck typically marks the position of the 
surface cold front. In this case, it is found in Missouri, eastern Arkansas, and central 
Louisiana. The northern limit of the cirrostratus typically marks the southern edge of the 
jet stream. This is found across Minnesota and Lake Superior In figure 36b, the IR 
imiage is enhanced to show the cirrostratus cloud region in black. Note that there are 
whiter regions embedded within the cirrostratus deck, particularly in central Alabama 
These are very high cirrus clouds associated with cumulonimbus clouds that have 
formed along the cold front. 

The final form of upper level clouds are cirrocumulus. These small puffy clouds are usu- 
ally too small to be resolved by the satellite or subject to contamination effect. If the cir- 
rocumulus are large and extensive enough, they are distinguished from cirrostratus by 
a lumpy texture 

Mid-level clouds, which are found at heights of 2-6 km, frequently resemble the upper 
level clouds although they tend to be composed of liquid water droplets rather than ice, 
Altostratus clouds, like cirrostratus, are usually found in association with midlatitude 
cycicjnes. Often the only way to distinguish mid-level from upper level clouds is by using 
software to enhance infr<ared images, as in figure 36b. In the visible, altostratus is quite 
similar to higher or lower stratiform clouds and may only be distinguished if shadows are 
present Altocumulus clouds also accompany midlatitude disturbances but are typically 
covered, as arc altostratus. by higher clouds. The altocumulus clouds are often found in 
association with altostratus decks and can be distinguished by a lumpier appearance 



The lowest level clouds also contain cumuloform and stratiform variants. Fair weather 
cumulus, the "popcorn ' clouds seen on fair days, are often below the resolution of 
regional satellite images. When the cumulus clouds grow into towering cumulus or 
thunderstorms (cumulonimbus), their high tops and isolated rounded shape are easily 
Identifiable, C umulonimbus often form along the leading edge of the cold fronts that 
are assoccUed with cyclone's. Stratocumulus forms by the spreading out of cumulus 
clouds or breaking up of strtUus decks. Large decks of stratocumulus are often found c:>ff 
rfie West Coast of the' Unitc'd States, Stratocumulus cloud lines often form off the East 
Coast of thi' Unitc'd States after the passage of a cold front Stratus clouds .are' low-based 
cirxrds with uniform features and are difficult to distinguish in the visible from altostratus 

Foc|, die' lo'AC'st of ail c louds, can oftc'n be observed from satellites On visible irnacjes, 
focj IS re'latively foaturi'k'ss and ciifficult to distinguish from higher stratus clouds If tfie* 
focj ! , located over land, e'ltfier .iloncj the co.rst or in mountain valleys, it can s(,)mc'times 
be detc'Cted t)v tfic' manner in winch it follows ground contours. For ex.rmple, the foq 
tranf may follow the r ontour s of a b.ry or h.irbor, or branch into mount.rin valleys The' 
tu.iric hull j offer t is a i loi m 1 uay to rlistinquish moernMin foq from snovv c over Fric; can 
be difl'c ult ti 1 otiseiye in infrarerl irnarjes tie.'cause its ternperateirc' is often vc'ry c lose to 
I jround teni| ler atuie It can, at time's tie' even w.irmer i 




Additional Common 
Weather Patterns 




ection 5 

Cyclonic weather disturbances are the most common mid-latitude weather pattern. This 
type of disturbance occurs in all seasons, although they are more vigorous in the late fall 
to early spring. Examples of the mid-latitude cyclone cloud shield were given m figures 2 
(page 12), 4a (page 15), 14a (page 26), 27d (page 41), and 36a (page 52), The devel- 
opment of these systems can be explained by the interaction of low-level temperature 
gradients with disturbances in upper level winds and accelerations in the jet stream. 
Other weather-making systems that can be observed by satellite in the mid-latitudes are 
of an entirely different scale and form. These non-standard events have geographic and 
se.ison patterns that make them useful for study during the school year. 



In the fall and winter months, strong cyclonic stormis develop rapidly oft the East Coast 
of the United States, These coastal storms, often called northeasters, are a peculiar type 
of cyclonic disturbance. They occur most often in the winter months and are associat- 
ed with heavy snowfall events along the East Coast, These storms initially develop as a 
small wave in the eastern Gulf of Mexico or along the southeastern coast of the United 
States, Like other cyclonic drsturbances, these coastal storms are associated with low 
levt,'l temperature gradients as well as disturbances in upper level winds anct accelera- 
tions in the jet stream. What is peculiar about these storms is the speed with which 
they develop. In figures 37-39 (pages 55 and 56), the development of a strong coastal 
storm IS shown over a 24 hour period. Note that the circulation around the center of 
the storm is very interise. Note also the presence of a matLire extratropical cyclone off 
the nortliwest coast of the United States 




fiquic V/ Tirrie sc'ries of coastal storm development, 
r,C)f S image, March 1, 1994, 0300 CST 

imai j(' c ourtesy c)f M R.imamurtfiy, University of Illinois, Uih.ina/Chrmifi.iign 
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figure 38. Time series of coastal storm development, 

GOES image, March 2, 1994, 1 100 CST 

image courtesy of M. Ramamurthy, University of Illinois, Uibana/Champaicjn 




figure '^9 Time series of coastal storm development 
GOES im,Kje, March 3, 1994, 0.?00 CST 

image rnurti'sy of M Ramamurthy, University of Illinois. Uihana/r‘h,imp,mjn 





Another remarkable aspect of these storms, in addition to their rapid development, is 
the extent of snowfall associated with them. These heavy snowfalls are made possible 
by the collision of very warm, moist, maritime air with very cold and dry air of conti- 
nental origin. The coastal storms usually develop after a very intense cold front has 
crossed the eastern United States leaving cold Canadian air along the eastern 
seaboard. This cold dense air can be trapped, or "dammed," between the coast and 
the Appalachian Mountains to the west and remain in place for several days. The 
coastal storm, which often begins as a wave along the remnants of the original cold 
front, moves up the coast parallel to the offshore Gulf Stream. Because the wind field 
around the storm is counterclockwise (cyclonic), warm, moist Gulf Stream air is driven 
into and, being less dense, over the cold air dammed along the coast. The moisture 
wrung out of the ascending air passes through the colder layer below and creates the 
mixture of ram, ^now, sleet and freezing ram that is typical of these storms. Along the 
coast, the cold air Iziyer is thinner, if present at all, and the precipitation falls as rain. 
Further inland, the cold air may be thick enough to freeze the precipitation as it hits 
the ground (freezing ram) or as it falls toward the ground (sleet). As the ground rises 
into the Appalachians, the precipitation will be mainly snow. 

The forecasting of these cc:>astal storms has improved over the last several years with 
advances m computing power and improvements m weather forecast models. As a 
rough guide, any time a strong Canadian cold front crosses the East Coast during the 
winter months and bc’comes striticnary across the northern Gulf of Mexico, there is a 
possibility for this coastal storm developmc.mt. 

During the sprmc] months, the fcjcus for severe and unusual weather shifts to the cen- 
tral United States. This is the season of tornadoes m the Great Plains. Again there is a 
clash of air masses. In this case, warm air from the Gulf of Mexico advances northward 
where it collides with southward moving cold polar air. While the systems that produce 
severe weather in this season are generally variations on the classic comma cloud 
cyclonic disturbance, there are also smaller scale (mesoscale) systems that produce 
heavy rainfall and severe weather. These systems, called Mesoscale Convective 
Systems (MCS), come m various shapes— from the familiar line squall to the nearly cir- 
cular Mesoscale Convective Complex (MCC). The latter system has a unique satellite 
signature and is very common over the Great Plains in the spring and early summer. 
During the Flood of 1993, a considerable number of MCSs occurred in the Midwest. 

Several MCCs arc shown In figures 40a and b (page 58). The MCC is an organized 
group of thunderstorms that initiates late in the afternoon from a localized area and 
develops throughout the night before dissipating late the next morning. In figure a, 
taken at 0100 CDT, two mesoscale systems are present over Iowa and Nebra.ska. Note 
the size of the cloud shield associated with each system. These systems initiated late 
the previotjs aftc'moon from a sriiall group of thunderstorms. These MCCs persist 
thfoucjhcjut th(.' early morning or even through the next night and (figure b) can 
rnic^rate consider, if)le distances before dissi()ating 

Thc'se systems often reci.u over several days and can account for sicjnificant local rain- 
fall. During the fkrod of I99T mesoscale systems ocrurrc'd frequently during the sum- 
mc'r months A cjrcvit disil of u’searcti continuc's rc'cjarding the organization and devel- 
ofrment of tfiese systems ( or I’xample. ficjure 40c (f)acj(' 59) sliows another large MCC 
ocTurrincj the’ nif]ht aftei ttie storms in figures 4()a .inrl Ij 
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figure 40a, MCC 

GOES 7, IR, July 24, 1 993-0 1 00 CDT. 

image courtesy of M, Ramanuirrhy University of Illinois, Urbana/Champaigri 
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firjuu' 40fj Mrr 

GOES 7. IR July 24, 199 ^ 0/00 f fJl 

im.uje c ( HHtesy of M Ramami iithy, I Inivefvfy < if IIIiik us, I Jil jan.tA ti.imp, iKjn 
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figure 40c. MCC 

GOES 7, IR. July 25, I 993-2200 CDT. 

image courtesy of M. Ramamurthy University of Illinois, Urbana/Champaign 

During summer and fall months, the most arresting weather developments are tropical 
hurricanes. Because hurricanes travel long distances during their lifetimes, the best 
way to observe them is through a series of GOES images. Hurricanes are observed in 
the eastern Pacific in the summer months and become frequent in the Atlantic during 
the late summer and early fall. The strongest Atlantic hurricanes typically develop from 
waves in the easterly trade-wind-flow off the coast of Africa. Clusters of convective 
clouds with cold tops can be seen in GOES IR images and can then be tracked across 
the Atlantic. As the hurricane moves closer to land, polar-orbiter images can be used to 
resolve the finer scale of the hurricane, including the bands of clouds that circle around 
the core (eye) of the hurricane. In figure 4 1 (page 60), a polar or biter image of 
fJurncane Ernily is shown off the coast of North Carolina. 



noise 

Per efituiri nf s.itellite images is often affected by local sources of intc'rferc'ncc'-— 
ruM'.e ( ommc;n sources of interference are housefiolcl afgiliances, motors 
''KMtincj ,ind coolinc], vacuum cleaners, etc ), radio and aircraft fransmissions, 

. H itoHK )t)iles, and fluorescent lights. The hicjhcT thc’ frecjuc'ncy. thc' less suscc'f)ti- 
lii'e the lec eivincj ecjuip'merat is to noise (geostationary recef.)tion is less .iffc'cted 
ttian p.' )lar or tilting satellite reception) On satellite' imacjes, interferc'nc e tyfiic.illy 
ap()iars is hori/ontal strifies Fx<imples of raoise afipear in ficjures 40, t and 40b 
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figure 4 1 , Hurricane Emily 

HRPT image courtesy of Professor G.WK, Moore, University of Toronto 
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action 6 

Obtaining Images and Data via the Internet 



Listed below are a sequence of commands that will allow you to get the most recent 
copy of a document that lists weather data and satellite images available on the 
Internet, Methods and access to satellite imagery are changing rapidly so this informa- 
tion may not be applicable to all users and/or may be outdated in the near future. 
Before you begin, you must be able? to access your account at a local university or 
other Site via modem and access the Internet from that account. In addition, you must 
have the ability to store files temporarily on your university account. Finally, you will 
need to determine your complete Internet address. With these tasks accomplished, dial 
in to your account and enter these commands after the prompt. 



ftp vmd.cso.uiuc.edu 

The initial command "ftp" simply means "file transfer protocol." ftp i? a standard form of 
communicating within Internet. The remainder of this command is Simply the address 
of a compLjter that is on the Internet 




If the network isn’t busy, you will be greeted with a prompt to login. The best time to 
access the Internet is before 1 0 am or after 3 prn. For Internet transfers of the type we 
be discussing here (called "anonymous ftp"), your login is always "anonymous." 



w; 



Your password is always your full address Your address is typically your login name fol- 
lowed by the address of your home account. For example, John Doe who works at 
the University of Maryland may have an address like jdoe©atmos. umd.edu. 



login anonymous 
password your address 

Once you have been logged in at vmd.cso.uiuc edu, you will need to move from your 
starting point to the directory that has the weather data information You will do this 
by changing directories. Most locations on the Internet use the UNIX system The com- 
mand to change directories in UNIX is "cd" 

cd wx 



Then list all the files in the "wx" directoiv 



Is 

You c.tn use tfit' wildcard '' to list only those files w'lth certain characters. For example 
to S(>e all files with the extr.’nsion dor ", entc'r th(' command below 



Is *.doc 

Bc-fore downloading, Uiec k tin - si/e of ear ii file witfi tfie r omm.ind 




O 
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Is -I 

Now download the file "sources.doc" which contains the most recent listing of weather 
data and images available via Internet. This is done using the "get" command followed by 
the name of the file at the Internet location and the name you wish to give the file when it 
arrives at your location. The file names below are the same though they need not be. 

get sources.doc sources.doc 

You will be sent a line confirming the transfer. Now leave the Internet: 

bye 

At this point, check your account to see if the file has arrived To bring the file over the 
phone line to your school or house, use the comnu'niration sofTAare that is recom- 
mended, or often supplied for free, by the university You now have a resource file tfiat 
will give you information on weather data on the Internet along with further details on 
Internet usage 

There are a number of other commands that <ire commonly used on the Internet A 
few critical ones are listed below 

binary 

Many files are stored in unusual formats These include Word Perfect files as well as files 
that are compressed for ease of storage ana tr.msfer. The standard naming convention 
for compressed files is the extension " Z " In the example above, the file would be 
"sources. doc. Z." Before these types of files can be transferred over the Internet (i.e., 
before issuing the "get" command), you must notify the Internet that you will be send- 
ing a non-standard file format. This is done by entering the "binary" command, 

prompt 

mget ci071 7*.gif 

You may wish to transfer more than one file at a time This is accomplished by first 
telling the Internet that multiple files will be sent together (tfie "prompt" command) 
and then using the multiple get command ("mget") followed t>y the list of files In the 
example above, all infrared images from July 1 7th are sent Because there may be 
many files with a common extension, be very careful witfi the "rnget" command To 
check how many files would be transfc’rred, list the files before transferring with the 
command' 

Is ci0717*.gif 

f inally, if you h,iv(‘ downloarled a r nrnf iiesscd file |f rj '.nun es dr:K /') you will neer) 
to issue tfse UNIX command to uncorTif)ress ttie fik> beforf tjiMicjirK) it from the universi 
ty t(.) yc.iur f-iomt' computer Tfie command for tfiis is urKum(..)ress and the usage is 
cjiven below The unc omfirr.’ssecj file will h,ive ttie same name altti(.)U( jfi witfviut thi' 

/" ('xtension 
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uncompress sources.doc.Z 








Sources of 

Meteorological Images 

GOES Image or Loop 

A GOES image provides the context for the detailed polar-orbiter image. The wide field 
of view of the GOES image provides information on the current position of active 
cyclones and a rough idea of the long wave trough and ridge pattern. A loop of GOES 
images shows the recent development and movement of large scale features. Wave 
patterns are much easier to Identify in time lapse loops than from an Image or group of 
images. GOES loops can be taped from television weather broadcasts and shown in 
the classroom. 

Source of GOES Images 

Downloading GOES Images from the Internet or other source, and animating the 
images In the classroom may prove to be overly cumbersome. The simplest method for 
displaying GOES loops is television videotapes. A compact and comprehensive weather 
discussion, complete with GOES loops, is provided each morning by "AM Weather" on 
PBS. Other sources are local weather broadcasts as well as 'The Weather Channel." 

Upper Air Information 

The identification of v'/ave patterns as well as Jet stream andjiT streak position is best 
done using standard meteorological upper air charts. These are available from several 
sources using the Internet Many television broadcasts show the position of thejet 
stream which, in most cases, is parallel to the upper air flow pattern. Tfie location of jei 
streaks is not a standard broadcast item and can only be obtained via upper air charts 

Upper Air Charts 

Upper air charts are available on the Internet at the same location as satellite images. 
They are usually identified f.y filename "uwxxyyzz.gif" |w is the level Identifier, xx is the 
month, yy is tfie day of the month, and zz is the time — Greenwich Mean Time). Upper 
air charts are given for scv'eral levels in the atmosphere: 850 millibars (mb), 700 mil- 
libars, 500 millibars, 300 millibars. A chart for conditions at 850mb at 1 200 GMT, on 
June 1 4 would have the file name 06141 2.gif. All upper air charts are plotted on a 
constant pressure surface. For example, the 850 mb chart is created from observations 
made as a radiosonde reaches a pressure of 850 mb. The alt'tude at this point varies 
from place to place. Near low pressure centers, the altitude corresponding to 850 mb 
will be much lower than tfie altitude corresponding to 850 mb near high pressure. 
Therefore, low pressure areas depicted on upper air charts as areas of lower heigh' 
This can be a source of confusion. Thejet stream is usually found around 300 mb or 
200 mb. The location of short wave disturbances is best seen at the 500 mb level 
Temperature gradient information is best seen at 850 mb. 

Surface Information 

Surface data provides an idea of low-level fernperature gradients, fionts, and the loca- 
tion of low pressure centers. These are often avaikiblc in the local newspaper as well as 
on the Intc'rnet tind TV bi Oridcasts 
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Environmental Satellites 




his section provides background informa- 
tion about environmentai sateiiites, 
covering types of sateiiites, hardware 
specifications, and the kinds of informa- 
tion they obtain, it conciudes with 
review or test materials. 



U.S. geostationary and polar^rbiting 
satellites are discussed in some detail, 
supplemented with information about 
other nations' satellites. Note that the 
descriptions of the satellites and sensors 
are accurate at printing, but they are a 
snapshot taken during a continuing 
process of enhancement. 



It should become obvious that there is a 
continuing need for international coop- 
eration in using satellites — not only to 
study atmospheric conditions and pro- 
vide warning of hazardous conditions, 
but also to study Earth as a whole. 

Remote sensing, the acquiring of data 
and information about an object or 
phenomena by a device that is not in 
physical contact with it, plays a critical 
role in the use of environmental satel- 
lites. A variety of sophisticated remote- 
sensing instruments onboard satellites 
gather regional and global measurements 
of Earth. That Information describes cur- 
rent conditions, allows us to predict 
severe weather, and monitor long-term 
change in the system (such as climate or 
ocean temperature). Such knowledge 
enables effective global policy-making 
and resource management. 



Understanding the electromagnetic 
spectrum will help with understanding 
how satellite sensors and other remote- 
sensing tools work. 
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Looking At Earth 





ection 1 

Hufvi>ins h'tv'c' cfif.jcicjcd in '.v. Mttici otist'iV'itiOi'i for ct'ntufios, (iv\(U(.‘ of tlio '(iipf,u,l of 
inclement wt'othet on cveryffuncj from ognrulture to whnlinq, Gelileo is credited with 
clevelo()in(j tfu' first thermometer in I 597— over four hundred ye.rrs leter, we re still 
interc'sted in wh.it tfie tempc't.iture iv Gods who controlled tfiunder, ligfitnincj, end the 
wind circ' .ibund.int in .incierit mytfKjlocjy Acfeges such es red sky in tnc mnuimg, 

Sfi/iV'/s ti'ikc Wtitning u\'l '^ky .it nnjtit, snilors' delight influenced doily decisions 
Ot)Se!v<itions of cinim.il h'eh.ivu ii, sucfi .ts Itovv l.irc]e e fcjod stcx.l'pile scjuinels .icciued, 
wc're ( onsidc'icsd incite. itors uif the hershness cd .in oncomincj witner 



Ben fr.iriklin sv<is the fust Amerir.in to sucjcjest th.it sve.ither could bc' foiecrist. h.-tviiKj 
•deduax! fiom nnws().ifx'i .uticles th.it storms ciener.illy tr.ivel frrrm svest to e.isl I In fur 
thes' deduced th.it wc'.idiei ot)ser'cers could notl^y those .ifie.id of .; stoim th.it it sv.is 
c c imin, j Shell llv .iftei II m tnle.ji.iph w.is invc'ntc‘d in 1 8 37, Fr.inklins ide.is 'Weie imiiic’ 
mente.l by ,i senes ( if i if iMOS'en. si 'ndiiKj infoi m. iti.on in Morse c .,'de to ,i c enti.tl i 'ftic n 
s'dieii '.in. itK )( i< il wi s it) It '! m 'p '.s . is c le. ited 



A seeiivncjiy sefr.imte inipo. on .\ ns en.ililed liy trie invenfic.in of tfte c .imei.i m 1 8 V> 
Becjinnincj m I8SH (.imems sveie flosvn on b.illoons for topocji.tphis riu(j()int) 

C, imc'i.is mount C'd evn t loth f ites . ind fticjeons svc're l.itcsr used to ohf. iii i | )hotc)(ji.i|,)l is 
fiom fi!C|fiei .tliitudes, enc ( 'nyussin. j l.trcjei .iie.ts Willxir Wricjht tofijiec) tfi.it by t.ifincj 
ttie lust lec oicJed ph' ito.ji.iphs f'om on .nifil.ine in I 9t)9 

Rn-.e.in h dunruj 'WGild ''Adi II, motiv.iled fiy tiotti tfie desiie for security .ind su()enoiity 
inoduced !nfi,iiecl tletectors end .ittiei theim.il sc'iisors Inform, ttion could be olif. lined 
.itii iut ,1 subjnc t, .IS 'vVith the c .imer.i, without tieiiicj in physic. il coiit.ic t svitli it Itie 
tei m re ' sc v isin.y is n. s.v t on im. mly t ised in c. c injunc tic )ii svith i ‘Ic'c t r om. i. jnel n 
tec hriK juc's for .icciuiiincj intorm.itioi i 



ficjurc' ■)/ 





One hundred and two years after cameras were first flown on balloons to get a better 
look at Earth, the U.S. launched the first weather satellite, the Television and Infrared 
Observation Satellite (TIROS- 1 ). TIROS- 1 made it possible for the first time to monitor 
weather conditions over most of the world regularly, including the approximately 70% 
of the Earth covered by water (where weather observations had been sparse or non- 
existent). That first launch on April 1 , 1 960 was the beginning of what is now a sophis- 
ticated network of international environmental satellites monitoring Earth. Regional, 
national, and global observations provide information with immediate impact — such as 
identifying hurricanes or w'lnter storms — and providing data for climatic and global 
change studies — such as changes in polar ice or mean sea level. 

Satellites are now operated to fulfill a variety' of objectives (e g , communications, Earth 
observation, planetary exploration) However, the focus of this publication is on envi- 
ronmental (also called meteorological or weather) satellite', and their unique capability 
to provide direct readout— that is. they provide tl.ita that can be obtained directly from 
the satellite by a ground yation user 




Remote Sensing and the 
Electromagnetic Spectrum 





Sensors onboerd erivironmental satellites measure a vast array of information. In order 
to understand how they work, and more generally, how/why remote sensing works, it 
IS important to understand electromagnetic radiation and the electromagnetic spectrum 

Flectrom,i(jnetic radiation is composed of electric and magnetic fields that are generat- 
ed by the oscill.ition of electrons in atoms or in a conducting material 

All m.ittei, urilt'ss it has a temperature of absolute zero, emits electromagnetic radiant 
enercjy (,)r r.tdiation. This radiation travels in electromagnetic waves— a coupled electric 
and magnetic fc;rce field— that release energy when absorbed by another object The 
waves frrop.rgate through space at the speed of light. The full range of wave frequen- 
cies usually divided into seven spectral regions or bands — is the electromagnetic 
^l)e( hum Note that tfie spectrum has ranges rather that precise divisions. As shown in 
ttie fliai jram, visible.* and ultraviolet are examples of electromagnetic radiation, differing 
m tlieii '.vavt“ler'ic]ths (frecjuencies) 

Most materials f)OSst*ss urticjuc' radiatiort properties or signatures, from which they can 
pc identifi(‘d In cjeneial, tfieir emissivity (the* rate at which they give out radiant enerejy) 
IS determinc'd by characteristics such ris chemical composition, crystal structure, gram 
size, surface roucjhness, c*tc 

In free s[ra(c, c*k*c trie ancJ m.ignetic fields are at right angles to each other and main- 
tain their relative pi.)sitions during wave transriiission RadicUion frorii some sources, 
such .IS the Sun, d(.)esnt haze ariy clearly definc'd polarization (electrical or magnetic 
.ilicjumeiitl meanincj the elc'Ctrical field rissumes different directions at r.mdom 
I towever. waves c.ict tre polarized or aligncM Polarized paper, sunglasses, or camera 
k*ns v.ill demonstrate how t.dfectively parallel slits filter light Hold the filtering medium 
fiori.x mt.illy u() ti..> a licjht source' (light bulb, flashlight, prcaje-ctor) <ind note the passage 
of iKjtn Tu'm itie medium vc'itis.illy r.rr adcJ a sc*cond filtc*r field verticvilly .md see the 

ilUflt dlS.lflfH'ar 
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The ability to selectively examine portions of the spectrum enables satellite sensors to 
perform specific tasks, such as providing visual images, monitoring terripr'ratures, and 
detecting reflected or emitted radiation. 

Censors monitor or sense 1 .) natural radiation coming from the Earth or 2.) reflected 
radiation resulting from having sent energy to Earth that is reflected back to the said 
lite. Sensors are categorized as either active or passive instrumentation. Active instiu 
ments transmit their own radiation to detect an object or area for observation and 
receive the reflected or transmitted radiation. Active instruments include both im.ujing 
and non-imaging sensors. Imaging sensors include real and synthetic aperture r.tdars. 
non-irnaging sensors include altimeters and scatter-ometers. Ac tive altirnc’tc’rs rrsc' either 
radar pulses or lasers for measuring altitude, Scatterometers use radar to ck'termine 
wind speed and direction 

Passive instruments sense only radiation emitted by the object or reflec ted by the 
object from another source, the bvo types of passive sensors <ire imagers and 
sounders. Imagers measure and map sea-surface temperature, clc.rd tem|;eratuie ai'd 
land ter'nperature. Imager data are converted into f)ictures Sounders are a s()e(iai r>pi,' 
c:rf radiometer (instrument that quantitatively measure elec tro-macjnetic radiatimii 
which measure changes in atmospheric radiation relative to height (ground pr(,>( ev.it iij 
cjf this information produces tcmperatLJre information), and r tvincjt.'S m vvater v, i(>or 
a^ntent of tfie air at variocjs levels 
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The Radio Frequency Spectrum 



Radio frequency signals are electromagnetic waves that generally include frequencies 
above 1 0 KHz. The waves are usually generated by periodic currents of electric charges 
in wires, electron beams, or antenna surfaces Radio and TV transmissions (collectively 
referred to as radio signals) work on a line-of-sight basis. Signal transmission and recep- 
tion is dependent upon an unobstructed straight line that connects transmitters and 
receivers. Radio frequencies represent the different channels or stations that are broad- 
cast— higher channels correspond to higher radio frequencies. 

The waves most often received from satellites arc in the range of 30 MHz up to 30 
GHz. Those frequencies include the electromagnetic spectrum from Very High 
Frequency (VHP) to Super High Frequency (SHF) 

U.S. polar-orbiting satellites broadcast Automatic Picture Transmission (APT) at 137 
MHz, and GOES geostationary satellite Weather Facsimile (WEFAX) at 1 69 1 MHz (see 
pages 92, 96) 

The tracking and ranging caoabilities of radio systems were known as early as 1 889, 
when Fieinrich Hertz showed that solid objects reflect radio waves. Bouncing signals 
off the ionosphere (upper atmosphere) increased the signal area, but the erratic atmos- 
phere relayed signals of varying clarity. The radio signal area was also expanded by 
using series of transmitting towers, .31 to 50 miles apart Oceans, deserts, and lack of 
towers all limited the relay 

In the early 1950s. U S army engineers unsuccessfully tried bouncing radio signals off 
the moon (resulting signals were diffused and unfocused) In I960 NASA launched a 
satellite named Echo I to reflect radio signals Since that first NASA launch, satellites 
fictvc graduated from being passive reflectors to actively relaying signals and carrying 
sensors th<rr obtctin and relay additional inform<rtion 

figure 44 
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Types of Environmental 
Satellites and Orbits 




cctlon 2 

Environmental satellites operate in two types or orbits, geostationary and polar-orbiting. 



A geostationary (GEO = geosynchronous) orbit is one 
in v^hich the satellite is always in the same position 
with respect to the rotating Earth. The satellite 
orbits at an elevation of approximately 35,790 
kilometers (22,240 statute miles) because that ’’ 
produces an orbital period equal to the period 
of rotation of the Earth (actually 23 hours, 56 min- 
utes, 04.09 seconds). By orbiting at the same rater in 
the same direction as Earth, the satellite appears stationary 
(synchronous with respect to the rotation of the Eartft) 





Geostationary satellites provide a "big picture" view, C'r tabling coverage of weath- 
er events, especially useful for monitoring severe local storms and tropical 
cyclones. Examples of gc^ostationary satellites are the U S. GOES, European 
METEOSAT and the Japanese GMS 

Because a geostationary orbit must bc' in the samr> pUne as the Earths rotation, 
that IS the equatorial plane, it provides distorted images of the polar regions 
with poor spatial resolution. As you continue leading, note how the capabili- 
ties of the geostationary and polar-ortjiting systems provide 
comprehensive coverage of Eartfr 

Polar-orbiting satellites provide a more global view of Lartfi, circling at 
near-polar inclination (a true polar orbit h<is <rn inclination of 90'J 
Orbiting at an altitude of 700 to 800 km, these satellites cover best the 
parts of the world most difficult to cover in situ (on site). For example, 

McMurdo, Antarctica can receive I I or 12 of the 14 daily NOA4 polar- 
orbiter passes 




The satellites operate in a sun-synchroncjus ortjit, piovidmcj continuous Sun-lighting of 
the Earth-scan view Tfie satellite' passes the ecjuator .ind c'ach latitude at the same time 
each day, meaning the satellite passes ovc.'ifiead at essentially the same solar time 
throughout itll seasons of tfx' year Ttiis featurr' enafries recjular data collection at con- 
sistent times as well as loncj-term cunifransons Tfie orbital plane of a sun-synchronous 
orbit must also rotate apfjroximatelv one disjiet^ frer day to keep pace with the Earths 
surface 
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The U.S. Operational Meteorological 
Satellites (METSAT) Program 




ection 3 

Two Federal Agencies are responsible for the U. S. meteorological satellites (also known 
as environmental or weather satellites). 




Dies and Responsibilities* 

National Oceanic and Atmospheric Administration (NOAA) 



■ Establish observational requirements 

■ Provide funding for program implementation 

■ Operate and maintain operational satellites 

■ Acquire, process, and distribute data products 



National Aeronautics and Space Administration (NASA) 



■ Prepare program implementation plans 

■ Design, engineer, and procure spacecraft and instruments 

■ Launch the spacecraft 

■ Conduct on-orbit check-out befo'e handover to NOM 

* As defined in the 1 973 Department of Commerce, NASA Basic Agreement 




rganizational Assignments 
NOAA 



■ NOAA IS part of the Department of Commerce 



■ Within NOAA, the National Environmental Satellite, Data, and Information Service 
(NESDIS) IS responsible for the U.S, civil operational weather satellites and uses data 
from other programs such as the Defense Meteorological Satellite Program (DMSP). 



NASA 

■ NASA Goddard Space Flight Center (GSFC) is responsible for progr.im 
implemeritation 





GOES A-H Geostationary Satellite 



liackground 

■ Alphabet label before launch (GOES-A, GOES-B) 

' Numerical label after geostationary orbit achieved 
(GOES-6, GOES-7) 

Weight 

• Liftoff: 840 kg (1851 lbs) 

• On orbit: 503 kg ( I 1 08 lbs) 

• End of Life (EOL), spacecraft dry weight: 

400 kg (881 lbs) 

Size 

• Mam body: 1 ,5 m (4.8 ft) height 

2 1 m (7.0 ft) diameter 

• Despun section 2.0 m (6 7 ft) height 
[section that does not spin) 




Orbit 

■ Equatorial, Earth-synchronous orbit 



Uses 

■ Provides continuous day and night weather observations 

• Monitors weather patterns and events such as hurricanes and other severe storms 

• Relays environmental data from surface collection points to a processing center 

• Performs facsimile transmission of processed weather data to users (WEFAX) 

• Provides low-cost direct readout services; the low resolution version is called 
weather facsimile (WEFAX) 

• Monitors the Earth's magnetic field, the energetic particle flux in the vicinity of the 
satellite, and x-ray emissions from the sun 



Weather Facsimile (WEFAX) Description 

• Uses the GOES spacecraft to relay low-resolution satellite imagery and meteoro- 
logical charts to properly equipped ground stations in the Western Hemisphere 

■ Uses a transmission frequency (1691 MHz) in common with that of the European 
Space Agency's METEOSAT and Japan's GMS spacecraft 

• Formatted in a 240 line/minute trrinsmission iar(‘, WEFAX transmissions occur 24 
hours a cLry 




NOAA GOES A-H Satellite 






the satellite, color each 
component and its label 
in a matching hue 




S-Band Bicone 
Omni Antenna 

always points toward Earth 
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GOES 7 Satellite Elements 



Axial Thruster 

Used for positioning and station acquisition maneuvers, 
and maybe used for orbit control 

Oespun Section 

Earth-oriented, helix dish antenna rissemblies in section 
that does not spin 

Earth sensors 



Used for attitude detc'rmmation rlunncj tlie transfei uihit 
and synchronous orbit, provides pitch, yaw, and roll 
information to maintain Earth f jointing 




EPS dome 



Covers the Energetic Particle Sensor 

EPS teiescope 



Energetic Particle Sensor, nieasures low and mc'dium-charcjed partic les 

High Energy Proton and Aipha Particie Detector (HEPAD) 




Monitors protons in four enercjy ranges above 3/0 MeV (rest niass m elec tron-voltsj, 
<uid alpha particles in two ervu^y range's abcjve 640 MeV/nucIc'ors 



Magnetometer 

Measures the magnitude and field diic'ction esf I'nercjetic t h.iKjed oartii les uitfun tf'>e 
Earths magnetospfJr'r'f.' (uittiin ,i specified ranciei 

Radiai Thrusters 

Useci for S()in r.ite c untrol, r.incjeof 1 KiPOrpn; 

S-Band Bicone Omni Antenna 

Part ■ if telemetry and < > I'l’mar'd s, ,bsv' tcf’ i 

S-Band High Gain Antenna 

f'ai t 1 if ft If ’M \ , UK 1 ( ( ui 'll, UK ! M ,J i',y ',|t in 
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Solar Panel 

Primary source of spacecraft electrical power, designed so 
that normal satellite day light operation, plus required 
battery charging power can last for approximately seven 
years 

Sun Sensors 

Presides information on spacecraft spin r-ne ^nd attitude 
witfi respect to the sun line, and pre aes reference pulst's fc.)i 
tfie VAS system 

Thermal Barrier 

Assists in thermal control, which is accomplished by usuuj (lassive eru'itjy 
t)alanc e techniques 

Ultra High Frequency (UHF) Antenna 

Used to receive Earth-based data 

VISSR Atmospheric Sounder (VAS) 

Set' next f)age 

VAS Sunshade 

Shades the VISSR Atmospheric Sourider 

X-Ray Sensor (XRS) 

Uses K.in chamte-r detectors to mt'astire ion(.)spheri( effects associated sMth solar f 




GOES 7 Geostationary 
Satellites 



provides visible, infrared, and sounding measurement of the Earth, including the 
presence of water vapor Primary data from this instrument are used to estimate 
cloud top temperatures, sea surface temperatures, and precipitation; determine the 
vertical structure of the atmosphere; study weather systems; and observe severe 
weather outbreaks VISSR allows for both day and night cloud cover imagery. 
Imaging in the visible portion of the spectrum has a resolution of 0.9 km,' and in 
the infrared (IR) portion a resolution of 6.9 km These images, together with images 
received from polar-orbiting satellites, are processed on the ground and then 
radioed back up to GOES for broadcast in graphic form as WEFAX. The VAS instru- 
ment can produce full-Earth disk images every 30 minutes, hours a day. 

• Space Environment Monitor (SEM) 

measures the coridition of the Earth’s magnc“tic fit4d, solar activity and radiation 
around the spacecraft, and transrrtits these data to a central processing facility. SEM 
instruments measure the ambient magnetic field vector, solar X-ray flux, and the 
cfitugeu piartick' population SEM sensors are desicjric-d ro provide direct mc'asure- 
mcnt of the effects of solar activity in such a manner that cJata will be avniiable in 
real rime for use in the generation of rtdvisory or wvtrninq messacjes, and foi fore- 
casr.ng and operational iesearf.f-i 

• Data Collection System (DCS) 

gathers and relays environmental data made by sensors f.rlac ed on various objects 
(both mobile and stationary at Vcirious locaticjris). f.;xamplos of environmental data 
otrtained irorri t. vase* sites include piC'CipitatKvn, rivc'r tieicjrits, ocean curre^nts and 
temfieratures, Writt’r pH wind spr.’ed and cliiec tirm, anri barometrir pressure 



rimary Systems 

• Visible-infrared Spin-Scan Radiometer (VISSR) Atmospheric Sounder (VAS) 
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NOAA GOES l-M Satellites 








GOES l-M Satellite Elements 



Earth Sensors 

Detects Earth's horizon (Earth location). 

Imager 

Five-channel (one visible, four infrared) imaging radiometer 
designed to sense radiant and solar reflected energy from Earth 
Provides full Earth scan to mcsoscale area scans Also provides star 
sensing capabilit\' 

Imager Cooler 

Protects the imager from drert sunlight and contamination 

Louver Sun Shields 




Passive louver assembly provides cooling during the direct sunlight poriion of the orbit A 
sun shK'ld IS installc'd on the F<irth-end of the louver system to rerluce inrirlent rridiation 



Magnetometers 

rhree-axis magnetometers for mea '.unrig the geomagnetir field cmiy one magnetome- 
ter c<in be powered at any time 



SAR Antenna 

Searrh and Rest ue Anttavia detects distress signals broadcast b,' t'ansmitters ramef) on 
cjeneral aviation aircraft and beacons aboaid some marine vessels It relavs the distre:>s 
signal (bu' cannot pinpoint the location of the signal) to a ground st.iton tfvit dis- 
patches assistance 

S-Band Receive Antenna 

Full FrUth covC'Crige bearnoadtri, it receives uplink data colli'ctu ’i and M/eatf'er 
Facsimile (WFI AX] transmissions 

S-Band Transmit Antenna 



Solar Array 

I I [ 1, If 'f ■[ r'-i', f f I' v jf u /.I'v I ^ . 

■/iflr j t f ^ <( • 'm Uf 'il't* ’ 

Solar Sail 

( ( ;f V'l 1. *; )f '' I ill fM( furilf 'f 1 nr, , 1 I 7 nif 'ff t j f' >< )t i I > 
{ hy '.oliir f,u jicUior ) pr rsMJfr on thr sohi' jrf jy 






Sounder 



19-channcl discrc'te-filter radiometer that senses specific radiation for 
computing atmospheric vertical temperature and moisture profiles, 
surface and cloud top temperature, and o?one distribution 

Sounder Cooler 

Protec ts the sounder from direct sunlicjht rind contrimination 

Telemetry and Command Antenna 

iT\C Antc'nna,! Provides near omnidirc'c tion,il r ovci.^tje en.itilos 
funrtionai intert.icr ber-Aceri GOFS s.itcdlite ,md (jrniind mm 
m.ind 

Trim Tab 

Provides fine tialani e c ori'n.'i f- n tiio sol, 'i r itiiatio' i ( vrssLJU* 

UHF Antenna 





Dipole antenna sMth full Fartii , < i'' Insiriivvidih tli.it ret eivc 

rescue (SARj Mcjnals. and tr.insriiits dat.i ( oiler tion SKjn.ils 



(J,ir,t rind SCrlK fl rind 



X-Ray Sensor 



X-ray telescofH’ ttial nir'asures iiar X ra\ tiu' iii two sfua tral r fi inriels ishort ,ind loriy 
sun ( h,innels| in re.il timr 




GOES L-M 



rimary Systems 

■ Imager 

is a fi' "-channel (one visible, four infrared) imagine) radiometer 
that Sc uses radicUit energy and reflected solar energy from the 
E<rrth's surface cind the atmosphc'rc' Position and si?e of an 
area scan are controlk'd by command, so the instrument is 
capable of full-Earth imagery and various area scan sizes 
withiri tfie Earth scerie. ffie Im.icjef also provides a star 
sensing capability, userl for imatje navigation and 
regisrr<itK)n fxiiposes 

■ Sounder 

I.S a 1 9-c hannel disc I ete filter ladr mirtri ttiat senses 
specific radiant energy fui vertical atmos(iheric tempeiatCiie and moisture (stofiles, 
surf<)c:eand cloud tof) tenif)erature arid ozone distribution As doc's the imerger, 
the Sourider cari provide full Eartti im<u)ery, sector imacjc'iy, or local lecjion scems 

■ Communications Subsystem 

Includes We.Uher Facsimile (WFFAX) trarismissiori and the Seaic.fi ,ind Rescue iSAR) 
transponder Lcjw-rc'solution WEFAX transmission includc‘s satellite- imagery frcrrrr 
GOES and polar ortiiting satellites and meteorological ch<irts uplinked from the 
Comm<rnd and Data Accjuisition (ground) Station The SAR subsysterri detec ts the 
prc-scTice of distress sicjnals broadcast by Emergency Locator Transmitters carried on 
general aviation .iircraft and by Emergency Position Indicating Radio Bc'acons 
<tbo 'rd some cLissc's of nirtrine vc-ssels GOES reLiys the distress sicjnals to SAR 
S.itellite-Aicled Trackmcj cjround st.rtion witfnn the field-of view of tne sfVKc-c r.ift 
F(c-lp IS dispritcfic'd to do-.vne-d aircraft or shifi in distress 

■ Space Environment Monitor (SEM) 

consists of a macjiu-tometer and X-ray sc-nsoi, a hicjfi enercjy firnton ,ind a!pfia 
detc.-ctor, .ind an c-nc-rcjetir (.lartirlc-s sensor, all used for in-situ surve-ymej )f Ific- ne.ir 
Earth s(.)ac c- c-nvironnic.-nf Ifie rc-al time- data is providc'd to tfie Spac e- Fnvircjnnic-nt 

Service-' Center — tfie nations sfiace we-ilfn-r service svfiic.fi receivc's, monitors, 

and interfirets solar tc-irestnal cLita ancJ foier<ists special evmts sikIi as solar flari-s 
> r ( j(-omac)nc'ti( storms Ifi.it infoimation is iriifxirtant to ff le i ifieration of mililar-y' 
,ind I ivili.in radio svave and satellite- f onsmunu .ition and ririvicj.-tion systems, ,is 
‘.•.'■■II as elc'ftnc (v '.-aar rit f.'a "f.', Snai e Snuttln astronaut'-, fii. jfi altiturlc .iviato's, 
anrl sf ;< -nrifif a - .t -arr f u -r \ 




Geostationary Satellite 
Coverage 
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Polar-orbiting Satellites 






• Alphabet label before launch (NOM-I, NOM-J), 

• Numerical label after launch(NOM-l 3, NOAA-14) 

Weight 

• Range 2000-4000 lbs 

Size 




IROS-N 

Designation 



• Mam body 4 2 m (13 7 ft) length 

I 9 m (6 7 ft) diameter 

• Solar array 2 4 x 4 9 m (7 8 x 16 1 ft) 

Payload Weight 

• 884 lbs '386 kg) 

Attitude Control 



• Thra^e-rixis stabili/ed 

Uses 





• Provide o()eratior i,il coverage of entire Fartti two times irer day ()o' sat'.'llitr 
(morning arid afternoon equator crossings), including the 70 frercent r f tfir- Earth 
(ovt'rt'd tjy water — wfieri’ weather data are sparse 

• M(vrsure tempera' jre and humidity in the Earths cUmosfjnere, s(m rrrt.K c trm()(>ia 
tore r'oLid cover, water-ice boundaries, snow cover, vegstcnion, cvor-ic' r ■ .ri' er iii,i 
tions. energy taidcjet ()ararr,eters, and proton and electron flux riear tin f arth 

• Receive, process, and retransmit clt*ta from ouoys and rer ore aotom.t'i. oations 
distritjutc'd ,ir;ii,nd the globe' 



• P'c.ivide aiiiid relay of elistiess Sicy'' s to resc or' ; '^nten, 

Direct Data Readout Provided f/ia: 





Advanced TIROS-N (ATN) 





85 



to btcomt familiar with 
the aatalllte, color each 
component and Ita label 
In a matching hue 



TIROS-N Satellite Elements 



Advanced Very High Resolution Radiometer (AVHRR) 



A radiation-detection imacje; used for 
remotely determining ice, snow, and 
cloud cover information, and day and 
night sea surface temperature (has an 
accuracy of 0.5 degrees Celsius) 

Array Drive Electronics 

An electronics box containing all the elef 
tronics fc'quifec) for operation of thc' solar 
<irr<iy drive 

Battery Modules 

Six, located around casing of second stacje 
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Beacon/Command Antenna (BDA) 



Dual-use rintenna for receivincj conimarids from gioand stations ,md transmittinc] 
telemetry to ground stations 

Earth Sensor Assembly (ESA) 

A static, infrared, ficxi^on sc.'nsor whicfi provides s[iac er raft |iitr h ,iod roll clrit.i to tfie 
on-board attitude' determinatiori and ( ontiol subsystem 

Equipment Support Module 

Cont.iins (oni()uters, transmittc-rs, tajie ua orders (iiepn h es-.ois, el< 

High Energy Proton and Alpha Particle Detector (HEPAD) 

S( ’rises protr ms <ind alfifia (lartic k's in ttie ^ / b to B5(.) I (’V (I hr ms. md eior tror i vi >11 si i, inr je 

High Resolution Infrared Radiation Sounder (HIRS) 

Detects and memsures energy (’rnitted in ttie .itmosfrhere to r (.msirui t .i v 'li' .ii temper 
ature profile frc,im the’ fdirtIVs surfar e to ,»n altitiKlc’ of '.id f m It measures mr ident r,idia 
t ion in 19 S(.)er tral rer p ms of tfie IP spi a term and i mr visit ilr rei p i-- Ir ital a-,/, ;,nr ,uid 
watc’f vafior at tlirer’ levels m tfie trr kh isfifieie are miMSun -d 

Hydrazine Tank 

Thf’ sp.ic cf r.'ft f SIS two t. mP, r nrit.iirmu | fiv' I'a.enr ■ -A i >it ' i is usr a ) fi a ll irustii u i 





Inertial Measurement Unit (IMU) 



Contains gyros and accelerometers to 
provide information for determining 
spacecraft attitude and position 

Instrument Mounting Platform (IMP) 

Highly stable structure used to hold some 
instruments and level with Earth to accu- 
Mcy of 0 ? degrees 




Instrument Mounting Platform Sunshade 



Sti.iding to protect instruments from the Sun 

Medium Energy Proton and Electron Detector (MEPED) 

Senses protons, electrons, and ions with energies from SO keV (tfiousand ek'( tion volts) 
to several tens of MeV (million electron volts) 



Microwave Sounding Unit (MSU) 

A (j.rssive scannincj microwave spectrometer w'lth four freguency ch.innels that mere 
sures tfie enerejy fr(.)rrT the troposphere to corTstruct a vertical tc'mfX'rature profile to an 
<iltitune of <^0 km, ,ind measures fxecipitation 



Nitrogen Tank 

Used ferr tfxustinc] and t(.) ()r(jvide ullage (fills the t.ink the amount that th(’ hydra/ine 
propelUnt larks treiorj full to ensure proper flow) fxessurant for thf.‘ hydra/ine profX'l 
lant t.tnks The sfian’craft has two tanks containincj pi’rogen 

Reaction System Support Structure 

Sef nnd starje motor, batteries, and fuel 

Rocket Engine Assembly (REA) 

I I'.ed for tfirusting, tfie Sfiarer r,ift h,e- foia liydr.vine enijine'. 

S-Band Real-time Antenna 



tMMSnir.,sir)n , It dd') ') hlo| nts ; M '' S('f 011(1 

S-Band Omni Antenna (SOA) 

\>M ladf ast' ml.itivf'lv low 1 1 or ]ii( v ir \' mir e iwaye (i, uv I', foi ti, insmitt'iK) inste i’ ''not ,ind 
■ j ), i( o( I, iff 'lota to ( jiound statu ms dunru j boost f ihase and duniu j on orb ; < moK ji 'I k les 




Solar Array 

Silicon solar cells, produce 340 watts of 
power for direct use or for storage in bat- 
teries (with excess radiated into space as 
heat) 



Solar Array Drive Motor (SAD) 

The* drive motor is used to rotate the 
solar , If ray so that the array continuously 
tae es tfte Sun 

Stratospheric Sounding Unit (SSU) 

A sti't-i-scanned spectrometer which measures tempeiatuie m the* upfX'r stratugiheie It 
senses energy in the 1 5 micrometer carbon dioxide absorption portion of the infrared 
spectrum, allowincj for a study of the energy budget at the top of the* atmosphere 

Sun Sensor Detector (SSD) 

A part of tfie Sun Sensor Assembly (SSA) which provides the Suns position w ith respect 
to the spacecraft The sun sensor is used to reinitialize the spacecraft yaw-attitude cal- 
culation oncc’ per orbit (Vavv is the swirtging on a vertical ^ixi.s to the right or left above 
nad.i, nadir is the point 'vn E.irth directly beneath a satellitei 

Thermal Control Pinwheel Louvers 

Three on each of four sides ft.v TIROS N thru NOM D Four l-nivr'is fjct side for NOAA-f 
and newer satellites 

UHF Data Collection System Antenna (UDA) 

Antenna used tn rer eive Earth based plritform and balloon System Arnenm ,,ata. an.d 
to receive search and rescue datri 

VHF Real-Time Antenna |VRA) 

,,M ,ir y Pl'iftertz f^ir'' '.eronrl 




TIROS-N 

POLAR’ORBITING SATELLITES 




rimary Systems 

• Advanced Very High Resolution Radiometer (AVHRR) 

five-channel scanning radiometer sensitive in the visible, near-infrared, and infrared 
parts of the spectrum. Examples of its temperature-sensing include land, sea, and 
cloud-top temperature. It stores measurements on tape, and plays them back to 
NOA^s command and data acquisition stations Provides the primary imaging sys- 
tem for both the High Resolution Pk turc Tmnsmission (HRPT, 1 . 1 km resolution) 
and the Autorn- Tic Heture Transmission (APT, 4 km resolution) images 
that are transm.tted by the spacecr<ift. 



• TIROS Operational Vertical Sounder |TOVS) 

combines dat,i from three c oniftlementary instrument units (HIRS, MSU, and 
SSU to provide' the foilovsing atmosfrlit'rn data tc'mfteraturc' profile of the Earths 
atmosfihere frcim tfu.* surface' to 10 ri'ilhoars, vViiter coritent, cvonc' content, 
(ait)on (1 oxide content arid oxyijc'n content of the Earth's atriiosphere 



• ARGOS Data Collection and Platform Location System 

Frencft-provided system ollects data from sensors on fixed an movirtg platforms 
,ind transmits var ious enviionmc ntal parameters Prcjvides for the receipt, processing, 
<ind storacje of d,ua itc'mperature, pressure, altitcjcle, etc ), and for the location 
of the rnovincj (rlatfcjrms for latc'r transmission to a central processing fa'.ality 







Space Environment Monitor (SEM) 

cle'tects rcKlitition cW v<vfOiiS cfu^fcjy irvt*ls sf'icictv measuring onergctic particles 
(MTiitted by Sun over essentially Mt' full frUKjt' of enf^rqies and magnetic field 
variations in the Farths near sf)ac(' erivironrTient It m(‘c^suies the proton, alpha, and 
(‘)e( tron flux ac tivity nrsif tht,‘ [ arih 



• Search and Rescue (SAR) 

ec]U(()m(’nt rt'ccMves ('Hk j(‘ncv distress vcjnalsand transmits the signals to ground 
rc'ceivinc] stations in ifie S anti overseas Si(jrials are forwarded to the riearest res- 
c ue coordiOc^tK VI c erdi'^ 




• Earth Radiation Budget Experiment (ERBE) 

radioriHder that mcMsiaes all radiatu'm strikinc^ and Icmviou tho E:arth - enabling 
k'r it ist s t( ’ n leasuf e t n> ■ ^ iss ( ( ja’' ' f ^f terresti lal (VK^e'jy t ■ ) ic ( ' (NOAA 9 fv I 0 
f 'X()er im* 'nti 

• Solar Backscatter Ultraviolet Experiment (SBUV) 

niak(.‘s mes isureme' as jt dli 'f rn ii >r i 'S ( ail\/) fr('im whic h total cvonc' 
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Polar-orbiting 
Satellite Coverage 
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p.iss of <) poMr-orbitifHj s.ttrHitr (on o cjlotjc. tlin sotHlitc uoirO oft.)it 
olrnost over tfie f)olt's| 
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U.S. Meteorological Satellite Systems 
Satellite Comparison 
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asic Operation 

Coverage 

Major Missions 




Location 



Velocity 




irect Readout 
Data 
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Image Timeliness 

Rece(jtion antennri 

RF Sigriril 

Processed iJata 
Rate 

Schc'di ]l(* 

Sicjnal Availat,)ility 



Geostationary 



Geostationary Operational 
Environmental Satellite, (GOES) 

Two satellite system covers area 
from North to South America, from 
Pacific to Atlantic locations 

Hemisphere/Quadrants 

I Earth Imaging ^ Data Collection 
2. Space Environment Monitoring 

3 Data Collection 

4 WEFAX I’ansmissions 

Rrirmry Systems Include 
VISSR Visible Infrared Spin Scan 
Radiometer 

VAS Atmospheric Sounder 
SEM Space Environment Monitor 
DCS Data Collection System 

3S,7VO km {/2..240 miles) 



Oarke Belt* over Equator 
GOES Fast. 7[/' West 
GOESWc'sr, I .3[V'West 

6,800 mph {2^ hour period) 



WE FAX 

Weathf>r Facsimile Transmission 
8 krrr resolution, visible 
4 km rc^solution, infrared 



N(’ar Rrvil Tif'U' 
fJistT j4 +) 

1 6V 1 + MM/ (to down ( ( )nvrrtcf 1 
2‘H) iines/rnini jtr 4 iines/suf ( )f k J 
Wf f AX cjijirle 

ti! ’( !i iN 'd p( 'r T4 I u i' 
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Polar Orbiter 



Television Infrared Ot)Scrvacion Satellite, 
(TIROS) 

Maintains two satellites in Polar orbit at 
all ttme:> N to S {morning satellite) 

S to N (afternoon satellite) 

1 . /OO mil(.> wide swatfi per pass 



I AVHRR 


Advanc.c^d Very High 
Resolution Radiometer SAR 


2 TO VS 


TIROS Operational Vertical 
Sounder 


3 DCS 


[)ata Collectic;n System 


LL 


Spf^ce Enviforv'nent Monitor 


8 Sc^'^rcri 




6 ERBE 


Earth Radiation Budc-jor 
Experiment 


7 SBUV 


Solar Backscatter Ultra Violet 
Radiomc'ter 


OO 


818 rTiiles) AM ort)it, southbourd 


370 km j 


841 miles) PM orbit, northbound 


9- 1 IC NtoS. StoN, 


Sljo sync 


hrorK ujs 


1 7,000 mph (101 minute penc^d) 



API 

Automatic Picture' transmission 
4 km K'soluttori 

HRPr 

Migh Rescdution Pictun' Transmission 
I 1 km U'Si^lutiof'i 

Real Time fransmissK ti 

( Tmnidirre !i. 'Oal i r (juafJafiLir holix an{fnn<i 

H/ 1 ^8 Ml 1/ 

1 20 iinrs/n^ii h jTi i;nf -s/s^r < >rirj Af’! 
t)v f imdu ti' in 



W\r. s.Mi'liir'", ■' f • 

f( )ur times d. nly 



tjif ( ' I .11^1 , »t ir, r,t 
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Direct Readout from 
Environmental Satellites 




ection 4 

NX^hat is direct readout? 

Direct reac^out is the capability to acquire information directly from environmental 
(also called n-eteorological or weather) satellites. 



Data can be acquired from U.S. satellites developed by NASA and operated by NOM, 
as well as from other nations' satellites. 




How do I get direct readout? 

By setting up a personal computer-based ground (Earth) station to receive satellite sig- 
nals See a station configuration in the Ground Station Set-up chapter on page 119 
The electronic satellite signals received by the ground station are displayed as images 
on the computer screen. 

Imagery can be obtained from both geostationary and polar-orbiting satellites. The 
low-resolution images (obtainable with the relatively inexpensive ground..' station equip- 
ment) from U.S. satellites are: 



Weather Facsimile or WEFAX images, transmitted by GOES satellites. WEFAX trans- 
missions are not real-time: the images are first transmitted to NOAA for initial pro- 
cessing and then relayed back to the satellite for transmission to ground stations. 
The slight delay enables the inclusion of latitude and longitude gridding, geopolitical 
boundaries, weather forecast maps, temperature summaries, cloud analyses, 
polar-orbiter imagery, etc. WEFAX has a resolufon* of 8 kilometers for visible 
images and 4 kilometers for infrared images WEFAX images are broadcast on a 
fixed schedule, 24 hours a day. 




■ Automatic Picture Transmission or APT is available from polar-orbiting satellites. APT 
IS real-time transmission, providing both visible and infrared imagery. The image 
obtained during a normal 1 4 minute reception period cove'"s a swath approximately 
I 700 miles long. For example, a ground station in Baltimore will acquire an 
Eastern U.S. image bordered by Cuba (S), Quebec (N), Mirmesota (W), and the 
Atlantic Ocean (E) from a typical satellite pass. 



'Resolution indicates the area represented by 
each picture clerncnt-pixel-in an image. The 
lower the number, the higher the resolution or 
dot , 111 For example?, the two maps in figure 80 
refiresent images on a computer screen, eac h 
one with an equal number of pixels. Howevei 
eri( fi pixt'l in the map on top might reprc’sent 
1 00 nnles. each f)ixel in thr’ world map at bot- 
tom niKjlrt f'lave to K'fsrr’sent 800 miles. So, tfie 
lower numtx.'r (the- few'er metevs, acres, mik's. 
etc .) r('f:)resc'ntr‘cl by a sinqk' pixel, the hiqhc'r 
the rc'solijtion 



ficjuie 80 
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Sample Uses for Direct 
Readout in the Classroom 






ask Skills 

1 . world geography 

2. universal coordinated time 

3. latitude and longitude 

4. map reading 

5. remote sensing 




iology/Agriculture 

1 . use images for land management, land use decision-making 

2. monitor flooding and changes in river systems 

3 monitor crops and vegetative coverage, p,uduction 

4. correlate rainfall and vegetation vigor 

5. monitor forest fires and slash burning 

6. monitor the impact of environmental disasters (oil spills, earthquakes, wars) 



eology 

1 . Identify land formations, coast lines, and bodies of water 

2. determine watersheds 

3. locate and monitor volcanic activity and its affect on the atmosphere 

4. compare land and water temperatures 




eteorology 

1 . observe and compare Earth and satellite views of Earth and clouds 

2. observe clouds 

3. develop cloud cover indexes for a specific region 

4 identify fronts and characteristic associated patterns 
'3, develop weather forecasts 

6 study upper air circulation and jet streams 

7 compare seasonal changes in a specific region 

8 track severe storms 

9. produce monthly and annual weather comparisons 




ceanography 

1 use IR images to study ( uirc’nls and sea surface temperatures 

2 monitor ice coverage and c ompare seasonal changes 

i mntTitor modr.'ratinq effc’cts of oc(’ans on land <ind meteorological effects 
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Direct Readout from NOAA 
Polar-orbiting Satellites 



The Advanced Very High Resolution Radiometer (AVHRR) on U S, polar-orbiting satel- 
lites provides the primary imaging system for both High Resolution Picture Transmission 
(HRPT) and Automatic Picture Transmission (APT) direct readout. 

The AVHRR scans with a mirror rotating at 360 rpm. With each rotation, deep space, 
Earth, and a part of the instrument housing are observed. The radiant energy collected 
by the mirror is passed through five separate optical sub-assemblies to five spectral win- 
dows (detectors). Each of the five detectors is sensitive to radiant energy within specific 
spectral regions. All five channels and telemetry data are transmitted at high speed as 
digital data for HRPT 

AVHRR data signals are combined, and pre-processed to achieve both bandwidth 
reduction and geometric correction before being transmitted as APT, 

The analog APT system was designed to produce real time imagery on low-cost 
ground stations. The FM signal from the satellites contains a subcarrier, the video 
image itself, as a 2400 Hz tone which is amplitude modulated (AM) to correspond to 
the observed light and dark areas of an image. 

The louder portion of the tone represents lighter portions of the image, low volumes 
represent the darkest areas of the imrige, and intermediate volumes represent shades 
of gray (middle tones). 



1 S' 






HRPT / APT* 


1 s 

! 3 
’ D 

: ^ 


spectral 

range^ 


wave 

length 


application 


1 


0.58 to 0.68 


visible 


cloud delineation, snow & tee monitoring, weather 


2 


0.725 to 1.0 


near 

infrared 


sea surface temperature, locate bodies of water, in 
combination with channel 1— vegetation assessment 


1 3 

i 


3,55 to 3,93 


thermal 

infrared 


landmark extraction, forest fire monitoring, volcanic activity, 
sea surface temperature (nighttime) 


. 4 


10,3 to 11.3 


thermal 

infrared 


i 

sea surface temperature, weather, soil, moisture, 
volcanic eruptions 


5 


11,4 to 12.4 


thermal 

infrared 


sea surface temperature, weather 



* Any two AVHRR channels can be chosen by ground command for APT transmission, 
** In micrometers ().im) 
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Satellite imagery is produced by sensors that detect electromagnetic waves emitted or 
reflected by a surface and measure their intensity in different parts of the spectrum. 
Because all substances absorb and reflect light differently, varying light and tempera- 
ture are recorded as black, white, and shades of gray in a image. APT imagery is avail- 
able from the visible or infrared segments of the electromagnetic spectrum. 

All visible images of Earth record sun light (solar radiation) that is reflected by Earth 
Earth does not emit visible light of its own. APT images show these differences in 
absorption and reflectivity (albedo) as different shades of gray. Subjects with highest 
albedo (greatest reflectivity) appear white in visible images, clouds show up as white or 
gray, outer space is black. 

Infrared images are derived from two sources of infrared energy, thermal emissions 
(primary source) and reflected solar radiation. Thermal infrared emissions are the 
energies which are emitted from the Earth. Reflected solai" infrared radiation is the 
energy which is given off by the sun and reflected from the Earth or clouds. Both of 
these types of energy are seen on an image as varying shades whith correspond to 
particular temperatures. The warmer the temperature, the darker the shade in the 
image. The cooler the temperature, the lighter the shade. In an infrared image, the 
blackness of outer space (cold) is displayed as white. Hot spots, such as urban 
sprawl, appear as dark gray or black 




figure S/ allK'do ratio of th(> outgoing solar radiatirrn reflertc'd try an object to ttie 
iM( ( )r!iiri( j A u u ]i( itioM inc iclont UfX^n it 



Environmental Satellite 
Frequencies 



GOES 



1691 MHz 



NOAA 11 * \ 

(afternoon) \ 


137.62 MHz 


\ > 


' ' 


/ 

NOAA 12 / 

(morning) f 


137.5 MHz ' 'I ''= 


NOAA HRPT 


1698 MHz 


METEOR (Russian) 


137.85 

137.4 

137.3 MHz 


U.S, polar-orbiting morning satellites generally transmit at 137.5 MHz, after- 
noon satellites transmit at 1 37.62 MHz U.S, satellites are launched with the 
capability to transmit at both frequencies (2 APT and 2 HRPT frequencies 
are available for ground control to chose from on each polar orbiter). Note 
that the U.S. uses a two-polar-satellite system to provide complete Earth 
coverage; existing satellites in standby mode can be activated to replace 
the designated satellites if needed 


* pending successful instrument checkout, the recently launched NOAA 
1 4 will replace NOAA 1 1 as the designated afternoon satellite 


NOAA Weather Radio 


162.550 MHz 
162 525 
162.500 
162.475 
162 450 
162 425 
162 400 



Hertz IS the unit for inerisunncj the frequt'ncy of .iny r.Kli.itetl siijnnl 
One Hertz equals one cycle per second 
One Kilohertz (kHz) equals 1,000 cycles per second 
One Megahertz (MHz) (-quals 1,000.000 cycles per second 



Satellite-Delivered Weather 





U S. environmental 
satellites are built, and 
launched into space by 
NASA on unmanned 
rockets. First TIROS 
launched by U S. on 
April 1. 1960, 




Information is beamed to the National 
Environmental Satellite Data and Information 
Service* (NESDIS) Control Center outside 
Washington, DC. where the spacecraft is 
commanded and data is distributed. 





The National Weather Service* and 
national news services obtain Imagery 
and data directly from the Control Center 
in Sultland. Marylctnd. 



National and local weather news 
Is provided by newspaper. TV. 
and radio. 



* Both NESDIS and the National Weather Service are 
branches of the Natiorial Oceanic and Atmospheric 
Administration (NOAA) NOAA controls and operates 
the environmental satellites once they are m orbit 




The National Weather Service analyzes the 
information and distributes it to local users. 
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Weather Forecasts Impact. 





griculture 



■ weed and pest control - cost to re-spray due to rain wash-off, $8- $ ! 0/acre 

■ harvesting - freezing, rainy, and excessively hot weather can damage harvest 

■ drought can generate large irrigation bills, damage harvest 




uilding Industry 

■ concrete pouring 

■ exterior painting 

■ roofing 

■ erecting steel structures 

■ material stockpiling 

■ excavation 

■ hurricanes and tornadoes can necessitate extensive rebuilding 




arine Indurtry 



erectio,! or disassembly of off-shore oil platforms requires 3-5 days of reasonably 
calrai waters 

fishing days regulated. Wrong choice of days reduces yield 

towing operations require 3-5 day forecast 

industry depends on 3-5 forecast for safe and efficient operations 





tilities Management 

■ electric companies use forecasts to anticipate peak loads. Poor forecasts and 
anticipation can result in brown-outs and total power loss at a high dollar penalty 

■ gas companies pay for guaranteed delivery and usage. If usage exceeds guarantee, 
they pay a large penalty 

■ customer s f)ay for poor peak-load predictions 




ther Industries 

■ transportation industries (airlines, bus, railroad trucking) affected by flooding, 
ice, blizzards 

■ ()r(.5fessionri! sports, recreational businesses impacted by inclement w'cather 

■ forestry s- rvices, logging industry impacted by drought, firt', icc' 
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Environmental Satellites 
OF Other Nations 



The world's environmental satellites provide an international network of global weather 
observations. Satellites of many countries provide data and services similar to those con- 
tributed by the United States, such as operational weather data, cloud cover, tempera- 
ture profiles, real-time storm monitoring, and severe storm warnings. Their data con- 
tributes to the study of climate and the environment on both regional and global scales. 




eostationary satellites include: 

Geostationary Meteorological Satellite (GMS), Japan 



INSAT India 

Indian riational satellite, satellite data not available 



METEOrological SATellite (METEOSAT), Europe 

launched by the European Space Ageni y (sixteen member ountries) and operated 
by Eumetsat (European Organization for the Exploitation of Meteorological 
Satellites), they send data on the same frequency as GOES (169! MHz), as well as 
at 1694,5 MHz 





olar«rbiting satellites include: 

METEOR Satellites, Russia 

METEOR 2 satellites send a single picture (visible images at a rate of I 20 lines/ 
minute) as compared to the two (visible and infrared) that NO/AA satellites send 
The satellites ar(' near-polar (not sun-synchronous) at an altitude of 900 km, with 
<in inclination of 8 1 ,2 degrees 



The biric. k and wliite bars tfiat .irc' visible along the edge of the Russian direct read 
out imagery are c reaU'd by sync fiulses and can be used to identify the particul.ir 
s.itellite providinc] tfie imagery The bars nuy also contain data on instrument ch-ir- 
artc'ristics and gray scale calibration Images may display clouds in great detail, hut 
kind and water f)oundaric's are difficult to distinguish without extreme video fjro 
cessiiK) Newer, MFTrcTv \ si'rii's s.itc'l ites fiavc' rin infrared imagine) system 







Satellite Review Questions 




name 

I , A satellite is a free-flying object that orbits 

a. the Ear h b the Sun c the other planers ci any of the above 



2, What are the strengths of remote sensing^ 



3. A geosynchronous satellite appears stationary relative to 

4 A poiar-orbitinc] satellite t(rinsvt.‘'ies the anh the 




6 Compare the -es ar’d 'espcmsi.hiiitK's o' :'x- Nat:‘ ,’nal Or e.inir and At" spheric 
Administration iNOAAi .'atri rhf NatKmai Aeronaut'cs .md Spri'.e Administration 
iNAfiA) in the nperation of tht- l,Jnite''i States Metcoroioiqicai SriteHite program 



7 Bof.’fly disruss the r.iH' i 7 data o’ ".a led Is, 'i'!' f: SS ■.•ai\; sp.teao lan GCH'S satellites 
<’ y 'Sifde Infran 'd 'j[;ie f. a, e t,,. j o/ v , 
h Space f-nvironnaant Vloeita' Sf ‘d 
f Data C , s:e( ' ’-e . ’r I a 
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Satellite Review 
Questions (continued) 



Briefly discuss the type of data provided by the following systems on polar-orbiting 
satellites. 

a. Advanced Very High Resolution Radiometer (AVHRR) 
b TIROS operational Vertical Sounder (TOVS) 

c. ARGOS Data Collection and Platform Location System 

d. Space Environment Monitor(SEM) 

e Earth Radiation Budget Experiment (ERBE) 
f. Solar Backscatter Ultra-Violet Radiometer (SBUVl 



9. You want to piedict possible precipitation for the next four days Which type of 
satellite images would be more helpful to you, GOES or P01A>R'? Explain ycxjr choice 



I 0 You want to study the seasonal surface temperatures of the Atlantic coast waters to 
assist commercial fishing operations Which type of polar-orbiting satellite images 
(visible or infrared) would be most helpful to you? Explain why. 




or Group Discussion 

You and the st.ite committee that you chair <ire given ttie responsit)ility for determiniru) 
which types of Iwardous wc'athei are rrost likely to cifter t your state's parks and recre 
ritronal <ictivities In arldition to identifying threatening conditKjns, you must fjrioriti7e 
the use of state moru'y ,illo(.at('d for prevention rUid rc-covery What < ('rHlitir.rns most 
jeopardise your slate iind wfiat measures will you take to rninimi/e or ■ecover from 
weatfier dam,u.jei’ 
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Comparative Review 
OF Satellites 



: • 

I Geostationary Polar^rbiter 

j 

1 . basic operation 



2. type of data received 



3. distance from the Earth 



4. orbit location 



5. spacecraft velocity 




6. Tk ception 



7. RF signal 



8. processed data rate 



9. signal availability 



1 0. image format 
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Suggested Answers for 
Review Questions (pioo-iod 



1. d. any of the above 



2. Remote sensing is the technology of acquiring data and information about an 
object or phenomena by a device that is not in physical contact with it. In other 
words, remote sensing refers to gathering information about the Earth and its 
environment from a distance. Using remote sensing enables measurement of 
inaccessible and/or accessible bur too-costly-to-cover-subjects; it can provide a 
unique perspective (such as satellite images of the globe); and it can enable con- 
tinuous monitoring of a subject 

3 Earth 



4. poles and the equator 
5 GOES? 

GOES I- 
TIROS-N 

6. Roles and responsibilities of 

■ establish observational requirements 

■ provide funding for program implementation 

■ operate and maintain operational satellites 

■ acquire, process, and distribute data products 

■ responsible for U S civil, operational we.^ther s.itcllites 




Roles and responsibilities of N/\SA 

■ prepare hardware implementation plans 

■ design, engineer, and procure spacecraft and instruments 

■ provide for launch of spacecraft 

■ conduct on-orbit check-out before handover to NO/VN 

■ Goddard Space Flight Center responsible for implementation 



7, See page 78 for data from VISSR, SEM, and DCS 

8 See page 89 for data from AV'HRR, TOV ARGOS, SEM, ERBE, and SBUV 

9. GOES Because the images provide gre^ater coverage of the Earth (hemisphere/ 
quadrants) and tfie signals are available 24 hours a day. You are able to see pattc'rns 
of clOL.Jds cwcr a much larger area than that provided by a polar satellite (a I 700 mile 
swath) GOES images will be more ht'lpful in predicting fronts, cycle ne paths, etc 

10 Infrart'd images woulcJ be more helpful because you would be able to determine 
the tf'mperriture of the water’s surface witfi infrared images Knowing the watc.’r 
tempc'r.iture would tx‘ helfYul in f)r('cli( tinc] wfiere the fish would be concentr.ited 
ctlong thr ((tact for m(.)re efficient fishing 

Group Discussion: StueJents sfiould determine tfu' various teirain and types of recre 
ational cKtivities fx)fjul,ir in tfieir state, and tfie types of hazardous weather common to 
their state (fiurncrines, torn.idoes, t)lizzrrrds, floodinrj, diougfit, etc ) Pac)e 98 providi'S 
some tjackgrcHjnd informatirtn for consideration 
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Answer Key, Comparative 
Review of Satellites 





Geostationary 


Polar-orbiter 


1 . basic operation 


Two satellite system covers 
area from North to Soutts 
America, from Pacific to 
Atlantic locations 


1 

Two satellites in Polar orbit 
at all times' 

N to S (morning satellite) 
,0 N (afternoon satellite) 


2. type of data received 


visual and infrrtied 


Day visual and infrared 
■ Night infrared 


3. distance from the Earth 


35, 790km i??.?40 mii(,";i 


83 -i km i5 1 8 mile's) AM 
orbit, soutfibound 
87(.) km (54 1 miles) PM 
orlnt. northbound 


4. orbit location 


Clarke Belt ovc'r Ec^u.itcji 
GCTES East, 75" West 
GOESWt'st, 135"Wi^sr 


N>S, S>N, 
Sun-syrsc hroncrus 


5. spacecraft velocity 


6800 MPH (/’•) flour (X'liodl 

i 


1 Z.OOO mph 
(101 iriinute (jeriod) 


6. reception 


E)ish (4 metei +) 


Omni direction, il or 
c]u,ulrifil,ir helix antenna 


7. RF signal 


1 69 1 + MH/ 

(to down convc'rtef) 


1.0 1^8 MH/ 


8. processed data rate 


740 linc'S/minut(' ■ 
4 lines/second 


1 70 lines/mini.it(.“ 
7 lines/second 


9. signal availability 


1 74 tiours 

! 


101 to 1 07 minute's 
In'tween ac cessibility, 
two satellite's c',ich 
VK'W c'ntirc' E.rrth at 
least twice daily 


1 0. image format 


' hour (x.Miod 

H('misf)^u*rf '/Ouuclrtmts 


' , 700 Mik' Swatti 

1 

i 

' 1 
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Orbits 




n orbit is the path in space aiong which 
an object moves around a primary 
body, in the case of environmental 
sateiiites, the sateiiite moves 
around the primary body Earth. 



Bodies in space or iow-Earth orbit 
are governed by iaws of gravity 
and motion, just as iife on Earth is. 
These iaws make it possibie to 
determine how, where, and why 
sateiiites wiii be. Orbitai mechanics 
utiiizes a standard set of reference 
points and terms that make it pos- 
sibie to pinpoint a body in space 
and describe its unique iocation 
and motion. 

The abiiity to understand and pre- 
dict the iocation of sateiiites is 
essential for obtaining direct read- 
out from poiarorbiting environ- 
mentai sateiiites. Geostationary 
orbits must aiso be iocated. 
However, because they remain in 
the same position reiative to Earth, 
orbitai information doesn't need to 
be reguiariy updated. 

This section describes the basics of 
orbitai mechanics, the Kepierian eie- 
ments, procedures for tracking satei- 
iites, and resources for orbital data. 
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Sir Isaac Newton 




ection 1 

Sir ISciac Newton wcis born on Christrnds disy, 1 642 — the same year that Galileo Galilei 
died. His life-long intolerance of contradiction and controversy is attributed to an early, 
lengthy separation from his mother who was widowed shortly before Isaac's birth. She 
left Isaac in the care of his grandmother to remarry, live in the next town, arid start a 
new family consisting of another son and two daughters. 



As a teenager, Isaacs preoccupation with reading, experimentation, and observation 
was an irritant to his affluent, now twice-widowed mother who expected Isaac to 
become a gentlemen farmer. Apparently she was reluctant to have Isaac attend universi- 
ty, perhaps concerned about both the farm he had inherited and the cost of additional 
education. He entered Cambridge as a sizar (a student who waited on other students to 
pay his way), a step down from his social class and his mother's financial standing. 

Newtons university studies were' interrupted in 1 665 and 1 666 by the closure of Cambridge 
University because of bubonic plague. During this period, he left London and studied at 
home, doing extensive work in optics, laying the foundation for calculus — and perhaps his 
law of gravity. Experts disagree about the timing, some claiming another 1 3 years passed 
before Newton's ideas or, gravity crystallized. In either case, Newton's achievements at this 
early age were substantizil, aithougfi his undergraduate career was undistinguished 

Newton conducted research in theology and history with the same passion that he 
pursued science and alchemy throughout his lift' Some consider hirri the culminating 
figure of the 1 7th century scientific revolution. 



Newton's intense dedication to his intellectual pursuits took a toll on his physical and 
mental health, apparently causing at least two breakdowns during his life. He died in 
I 727 and is buried in the nave of Westminster Abbey, 




ewtonli Law of Universal Gravitation 

The force of gravitational attraction between two point masses (ml and m2) is propor- 
tional to the product of the masses dividc'd by the sc^Urire of the distance between them. 
In this equ.ition, G is a constant of proportionality cailed the gravitational constant. 



Gm|m2 
F = 

r2 

The closer two borJit'S rire to Cricfi (,itti('r, tfie tjrc'ater thc’ir mutual rittiriction As a result, 
to st.ry in orbit, a Sritellite ner'ds more sfX’ed in l(.)wer orbit than in a hicjher orbit 

All orbits - l-<irth orounci the Sun. sutt'lhtrs on Hind I , nth. etc . follow the same lows of 
grovity ond motion 






ewton!s Laws of Motion 




1 , An object continues in d stc^te of lest or uniform morion unless c^cted on by 
an external force. 



figure S4a 




2. The resultant force ac ting on rin object is proportional to the raa' of change of 
riiomentum of tlK.‘ or^ject, the cfiangc* of momentum beincj in the same direction 
as the force 



The time rate of change of momentum 
(mass X velocity) 

IS proportional to the impressed force. In the 
usual case where the mass does not change, 
this law can be expressed in the familiar form: 

force = mass x acceleration or 

F = ma, 



© 

change 

infefM 




j/ change 
's in force 



figure 'j-fb 

i Fu ( 'veiy fore i ‘ o’ in m ;b( 'if ' i'. ,u i e(jUrii onrj of ipoMte '(\k tinn 







Johannes Kepler 





ection 2 

Johannes Kepler — German astronomer [1571-1 630) derived three laws that describe 
the motions of the planets around our Sun, the moon around the Earth, or any space- 
craft launched into orbit. 



Early frail health seemed to destine Kepler for the life of a scholar. He was born into a 
dysfunctional, chaotic family and spent his lonely childhood with a variety of illnesses. 
He had myopia and multiple vision — unfortunate afflictions for the eyes of an 
astronomer. 



Kepler intended to dedicate himself to the service of the Protestant church, but his 
independence, lack of orthodoxy, and disagreeableness led his university teachers to 
recommend him as a mathematics professor to a school some distance away. During 
this period, astronomy became an important focus. 

Early writings of Kepler's attracted the attention of Tycho Brahe, the Danish astronomer. 
Kepler joined Brahe's staff in 1601. When Brahe died the following year, Kepler inherit- 
ed Brahe's meticulous astronomical observations — considered critical to Kepler develop- 
ing his first two laws of motion. Within days of Brahe's death, Kepler was appointed 
Brahe's successor as imperial mathematician of the Holy Rom- in Empire, a position 
Kepler held until his death. 

Kepler was a transitional figure between ancient and modern science. Astrology often 
played an important, and sometimes dominant role in his life 

Kepler's laws stirred little interest for decades, only Newton seemed to realize their 
value. Kepler's laws describe how planets move. Newton's law of motion describes why 
the planets move according to Kepler's laws. Kepler himself never numbered these laws 
or specially distinguished them from his other discoveries. Kepler's laws apply not only 
to gravitational forces, but also to all other inverse-square law forces. 

In the last decade of his life, Kepler wandered in search of a haven or a patron. In the 
fall of 1 630, Kepler rode across half of Germany to collect pay and arrears due him. 

The exertion of the trip was responsible for Kepler's illness and death ir. Regensburg on 
November 1 5, 1630. He was buried outside the town walls. Subsequent conquest of 
the city decimated the cemetery and left the site of Kepler's grave unknown 
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epier laws of motion 



1 A planet moves about the Sun in an elliptic orbit, with one focus of the ellipse 
located at the Sun. 

An elliptical orbit is shown, the semi-major axis (a) determines its size and the 
eccentricity (ei its shape. Neither Kepler nor anyone else yet understood that a 
mass will continue to move in a straight line through space, so no force is needed 
to drive a body around its orbit— only a i>un-centered force to hold it in orbit 
(Newtonj or a Sun-centered spacetime curvature (Einstemj (figure 55aj. 

2 A straight line from the Sun to the planet sweeps out equal areas in equal times, 
(figure 55b) 

The constant rate of sweeping out may be different for each orbit. 

i The time required for a planet to make one orbital circuit, when squared, is pro- 
portion.il to the cube of the major axis of the orbit (figure 55c). 



a 




semi-major axis 



Sun 



Focus 



semi-nriinor 

axis 




2a 



ma|or axis 
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Keplerian elements 





epierian elements 

Also known as satellite orbital elements. Keplerian elements are the set of six indepen- 
dent constants which define an orbit — named for Johannes Kepler. The constants 
define the shape of an ellipse or hyperbola, orient it around its central body (in the 
.case of environmental satellites the central body is Earth), and define the position of a 
satellite on the orbit. The classical orbital elements are: 



Keplerian elements 



a; semi-major axis, gives the size of the orbit, 
e; eccentricity, gives the shape of the orbit, 

i: inclination angle, gives the angle of the orbit plane to the central 

body's equator, 

right ascension of the ascending node, which gives the rotation of the 
orbit plane from reference axis. 



to; argument of perigee is tfie angle from the ascending nodes to perigee 
point, measured along the orbit in the direction of the satellite's motion, 




0 : 



true anomaly gives the location of the satellite on the orbit 



I 



I 



apogee 

point on orbit path 
where satellite is 
farthest from the 
central body 




perigee 

point on orbit where 
satellite is closest to 
the central body 



Mn_e pf_apsides 

straight line drawn 
from perigee to 
apogee 



*2a is the major axis 



semi-major axis is 1/2 the longest diameter of an orbital 
ellipse, that is 1/2 the distance between apogee and perigee 



ficjur(> S6 
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Orbital Data 



ection S 



Keplerian elements make it possible to describe a satellite's orbit and locate a satellite on 
its orbit at a particular time. In addition to furnishing a universal language for chroni- 
cling and pinpointing satellites, these elements provide the information necessary to 
predict the passage of specific satellites. That ability is essential to users of direct read- 
out from polar-orbitinn satellites, 

NOAA and METEOR-series polar-orbiting environmental satellites continuously transmit 
low-resolution imagery of Earth as an AM signal corresponding to the reflected radia- 
tion of Earth as observed by sensors This results in a strip of image as long as the trans- 
mission IS received and as wide as the scanning instrument is designed to cover (typi- 
cally I 700 miles in width), A normal reception period is approximately 1 4 minutes. 
However, not every one of a polar-orbiting satellite's 1 4 daily passes will be within 
reception range of a particular ground station, nor will every receivable pass be in opti- 
mal reception range. Limited reception occurs because, in order to provide global cov- 
erage, satellites in polar-orbits provide imagery in slightly-overlapping swaths (see satel- 
lite chapter for polar orbiter coverage). Ascending satellites move westward with each 
orbit, descending satellites move eastward with each orbit 

Ephemeris data (a collection of data showing the daily positions of satellites) is provid- 
ed by NASA, NOAA, and electronic bulletin boards (pages 114-11 5), The data can be 
inserted into satellite tracking programs or used to manually calculate satellite positions. 
The next page describes the composition of the NASA two-line orbital elements. 



figure 57 
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equinox 
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nodes 



apogee 





escription of NASA Orbital Data 



Ephomc“ri5 d<ild is d t<ibul<ition uf ,i snifs of (joints wfiich (J('fin(.' tfi(> (josition ond 
motion of 0 sotc’llito This dota, repuired t)y mcjst trrKkinq fjfogroms, is contdino'd in the 
NASA t\v '0 line orbitel elements These elements <ite port of the NASA prt'dic tion bulletin, 
which IS published by NASA Godefetd S()oce Flicjtn Center <tnd conr.iins the Lnest oibitol 
infotmotion for e perticulor satellite I fie refiott (jrovides information m thit ‘e f), irts 
1 avu line otbirji ek'ments 

? longitude of the South to North ecjuotoiul crossings 
\ longitucie <ind heigfits of the sotc-llite nossitvjs for other l.uitucies 

Tfie two line orfjitdl ek'ments li,.x.ir Ike this svhen yiiu get tfu'in trc'ni Na\SA fttiis se-t is 
desnifition of NOAA I 0) 

k(, juie ')H ( hoi t ( ( lui tesy of C i s i' it ‘s ( ,), rjis 



1 16969U 86 73 A 93 88. 92567841 .00000208 00000-0 10549-3 0 1742 

2 16969 98.5215 106.2752 0012888 182.9443 177.1660 14.24785215339343 



Explanation of 2-line ephemeris data 



Internationa! designator 
last 2 digits of .piece of epocti 
launch year ; launch* year 



first time derivative 
of the mean 
motion^ (period 
decay rate) 



second time 
derivative of the 
mean motion 



ephemeris 

type 



1 16969U, 86 73 A 93 88. 92567841 "00000208 00000-0 10549-3 ,01 

' T ' ■ . . . 

catalog satellite 



number 
(ignore letter) 



epoch (Julian day 
& fracth'n of day! 



describes type of 
orbital model used 



international 

fine number of designator, launch 
eUvnent data ^ of the year 



element 

number 



1742 



1 



catalog 

(satellite) inclination 
number m degrees 



eccentricity witti 

decimal pomt fnean anomaly 

assumed*** m degri ^s 



revolution 
number 
at epoch 



2 16969 98.5215 106.2752 0012888 182.9443 177.1660 14.24785216339343 



line Hr (Tf 

eUvT . nt datcT 



rigfit ascensir;n 
ot the 

ascending nodi' 
in degrees 



arcjuniiVTt mean motion check sum 

of (.x,>n(]ee revolutions per day (verification 

in rjr>grf>us process for 

accuracy of S6»t) 



dJx .:i , wjl.. gh e. , jv 

"I ' OMnno,.,it whicti irutif.alf-, U'P px p ■ r' 

(ds U) mutiini and pfoinr (iIms im gp.ii p) 



N' tc It fi(i ingjf pnini is p'lntcij f;;i t mf' 
"‘M’ltM'i ( w MV I'- ■; ,f( ' ttli' nidhtit'f ',h. gti'i.M 



Il’l |l IH Mil ttl»> 

itv A' 0 iij tin ,i ' k ' ■ .'aan 






btaining NASA Orbital Data From NASA 






NASA uses two methods to provide orbital data, mail and electronic 
distribution. Anyone interested in obtaining data through either 
method should contact the Goddard Space Flight Center at the address below. 
Requests for the more costly and less-timely mailed data sets should be restricted 
to users who are not equipped to obtain the information electronically. 





A modem (14400/9600/2400/1200 baud) and computer software are required to 
electronically download the data sets. 



Write and request electronic access and a password— or request mailed information— 
from the Orbital Information Group's (OIG) RAID* Bulletin Board System (RBBS) at: 



N/\SA Goddard Space Flight Center 
Project Operations Branch/5 1 3 
Attn; Orbital Information Group 
Greenbelt, Maryland 2077 1 

You cannot log on without having received approval and a password from OIG. 

The RBBS provides access to the latest element sets twenty-four hours a day from any- 
where in the world. Two-line Orbital Elements (TLE's) are updated on the following 
schedule: 



Monday TLE's revised between 1 200 GMT Friday and 1 200 GMT Monday 
Wednesday TLE's revised between 1 200 GMT Monday and 1 200 GMT Wednesday 
Friday TLE's revised between 1 200 GMT Wednesday and 1 200 GMT Friday. 

When a holiday falls on a scheduled update day, updating will be done on the next 
working day 

Data obtained from the RBBS is in a slightly different f irmat from that required by track- 
ing programs such as BIRD DOG, INSTANTRACK, STSORBIT, AND TRAKSAT The data 
received from RBBS can't be used directly in these tracking programs without first filter- 
ing it with a computer program. The DRIG and Bordertech BBS's have posted programs 
to simplify conversion to the standard format. RBBS data may be manually entered into 
the INST/\NTRACK program. 

* Orbital Information Group's Report and Information Dissemination (RAID) section 
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□ ther Sources for Satellite Data 

Keplerian elements can be obtained from the following electronic bulletin boards, with 
a modem, at no charge other than any long-distance telephone fees. 



Celestial RCP/M 

(205) 409-4280 
Montgomery. Alabama 
SYSOP: Dr. IS. Kelso 
24 hours 

9600/2400/1200 baud 
8 bit NO parity I stop 
Xmodem protocol only 



BorderTech Bulletin Board 

(410) 239-4247 
Hampstead, Maryland 
SYSOP: Charles A. Davis, Sr 
24 hours 

14.400/9600/2400 baud 
8 bit NO parity I stop 




Datalink Remote Bulletin 
Board System 

(214) 394 - 7438 
Carrollton, Texas 
SYSOP: Dr. Jeff Wallach 
24 hours 

14.400/9600/2400 baud 
8 bit NO parity I stop 



Instructions for transferring the data directly from the source to your computer These 
instructions apply only to ttie DRIG and BorderTech BBS's. 

Dial the BBS and login. 

After login, type "D" for download, 

type "BULLET90" as the file to download, open a ZMODEM file transfer mode with 
your telecommunications software. (The file is always named BULLET90.) 

After download, log out of the BBS 
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Satellite Tracking Programs 




ection 4 



The tracking of polar-orbiting satellites by direct readout users is now commonly 
accomplished by computer — although it is possible to calculate the satellite's location 
rather than having the computer do the work. 



One frequei Tly used tracking program, entitled Bird Dog, is c /ailable on NAS/* 
Sp.icelink (see the Resources section for more information about N/6A Spacelmk), and 
the DRIG and Bordertech bulletin board systems. This software enables the tracking of 
environmental satellites, but it does require that current orbital data be inserted and 
that the orbital data be revised every two or three weeks, (Using old data makes it 
impossible for any software to accurately identify the current position of a satellite ) 
Instructions for using Bird Dog and updating the ephemeral data accompany the 
trac king program 





Ground Station Set-up 





nvironmental satellites, equipped with a variety of 
sensors, monitor Earth and transmit the informa- 
tion back to Earth electronically. These signals are 
received by a ground station, also known as an 
Earth station. The signals are displayed as images 
on a computer monitor that is a component of a 
ground station, see the diagram on page 119. 

The NASA publication entitled Direct Readout 
From Environmental Satellites, A Guide to 
Equipment and Vendors (EP-301) describes 
ground station components and sources of the 
equipment. See the introduction to this Ttaining 
Manual for more information about the Guide. 

This section describes the procedure for piacement 
and instaliation of a ground station to ensure 
optimai signai reception and system operation. 

The procedure outlined beiow is described in 
detail on the following pages. 

■ identify appropriate iocations for the 
computer and antenna(s)*. 

■ Driii hoies in the exterior waii for coaxiai 
cabie. 

■ Set-up the antenna(s) by attaching it to 
either the building or to a plywood base. 

■ (Geostationary system only) Attach feedhorn 
and dowrvconverter to the parabolic dish. 

■ Connect the receiver and antenna with coaxial 
cable. 

Consult appropriate personnei to ensure compii- 
ance with iocai buiiding and electricai codes. 

Locai amateur radio ciubs may be able to assist 
with installation. To iocate the club nearest you, 
contact: 

American Radio Reiay League 

225 Main Street 

Newington, Connecticut 18601 

* A system which receives be*** ooiar orbiter 
and geostationary Images uses an antenna and 
a feedhorn, downconverter, and parabolic dish. 
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Ground Station Set-up 



Section 1 Ground Station Configuration 119 

Section 2 Setting-Up 1 20 

Placing the System 



Polar-Orbiter System Antenna 

Geostationary System Antenna 

Feedhorn 

Downconverter 

Antenna Feedline 

System Safety 



Ground Station 
Configuration 




ection 1 

Direct readout ground station components 

polar-orbiting system requires a personal computer and a receiver connected to 

an antenna by coaxial cable 



geostationary system requires a personal computer, a receiver, feedhorn, down- 

converter and a parabolic dish connected by coaxial cable 



dual system may require all of the above, although the basic set-up varies 

among manufacturers 



feedhorn 




1691 MHz to 137-138 MHz 

downconverter 



(the quadrifilar helix antenna 
shown Is an example of an 
omnidirectional antenna ) 



antenna 



coaxial cable 

Such as Belden 991 3 or 931 1 



exterior components 



interior components 



audio 

cable 



level 

adjust 

box 



1 I 



A-B 

Switch Box 

for dual system only 
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SETTING-UP 




ection 2 

Placing the System 



The computer equipment and antenna(s) should be placed as close to each other as 
possible to minimize radio signal loss and interference. The computer and receiver 
should be adjacent and easily accessible to an exterior wall and electrical outlet. 
Locate the equipment so that is protected from water, sinks, and gas Jets. The equip- 
ment should be accessible to users but placed so that electncal bnd cable connec- 
tions won't be disturbed. 



The antenna(s) will be located on the roof, away from power lines, electric motors, 
and exhaust vents. The antennas should be grounded to a cold water pipe in order to 
drain atmospheric static charges and to protect the computer and receiving equiment. 



Polar-orbiter System Antenna 

Antennas for polar-orbiter systems should be located at the highest point on the 
building, away from surrounding objects such as air conditioning units. The antenna 
can be attached directly to the building or mounted on a weighted plywood base. 
Either technique requires a standard exterior TV antenna mast and associated 
mounting hardware. To mount the antenna, use a TV mast support tripod and bolt 
the tripod to a 4' x 4' x 3/4" sheet of exterior-grade plywood. Place at least three 
50-pound bags of cement or gravel on the plywood sheet for stability. If using bags 
of cement, poke several small holes into the top of the bag to allow ram to wet the 
concrete and provide additional stabilization. 



Geostationary System Antenna 

Antennas for geostationary systems require an unobstructed, direct line-of-sight path 
to the satellite. A geostationary ground station typically uses a six foot parabolic 
reflector known as a satellite dish. (A TV satellite dish may be used but requires 
sophisticated modification.) The satellite dish should be located on a flat roof. 
Installation will be dictated by the desired mounting, but the mounting platform or 
structure for the dish must be secured to prevent the dish from moving in the wind 
It should be weighted, as atiove. 

A Yagi antenna may be used to receive geostationary images and should be installed 
according to the manufacturer's instructions. 

Feedhorn 

A feedhorn is a metallic cylinder which collects the radio signal reflected from the 
satellite dish. The feedhorn, available as either an open or closed cylinder, t ontains a 
probe which is the antenna. The closed feedhorn prevents birds from nesting and 
protects the antenna 'om snow and rain. The f^-edhorn is mounted on a strut(s) 
that positions it at a specified distance from the parabolic reflector 



12C 
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Aim the feedhorn to face the parabolic reflector. With an open feedhorn, turn the 
open end (the other end is closed) toward the satellite dish. With a closed feed- 
horn, turn the plastic-covered end (the other end is metal) toward the dish. 

Note ‘hat the antenna inside the feedhorn must be mounted in a vertical position 
for GC ES (U.S.) satellite n .option and in a horizontal position for METEOSAT 
(European) satellite reception. Enclosed feedhorns are marked horizontal and verti- 
cal. The placement of the antenna must be correct to receive the desired signal. 




Horizontal 



figure 60 



Downconverter 

A downconverter is requirc'd to c onvert geostationary satellite signals to a form that 
can be used by the computer Power is supplied to the downconverter by either a sep- 
arate 1 2-volt source' aoplied directly to the unit or by the receiver. The downconverter 
IS housed in a weather-proof case with predrillcd mounting holes and connected to 
the feedhorn with coaxial cable. Typically, the sujnal strength from a downconverter is 
high enough to permit the use of smaller diameter cable between the downconvert- 
er and receiver Cable runs of less than 200 f('('t may use ri cable such as Belden 9311. 
Longer runs shoulrl use Bc'Iden 99 I i 

Antenna feedline 

The antenn<i fee-dliiK' is pc.'ihaps tt'ic' most importrint component in a ground station. 
A good feedline will firovidc' m<iximum sicjnal wtiile reducing stray radio frequency 
(RF| or man-rriade noise (intr'rfc'renc e) Coaxial cable is feedline whose center con- 
ductor has b('en encast'd in dic'lec trie m.iterul with ,tn outer braided shield The 
shieldinci cjreatly n'fliia's the inlrodi k lion of RF or man made noise into the receiv- 
ing syst(>m Avoid inexpmsive rable th.it u'lll not provide arlef]uate shield or lasting 
construe tion 




Cable such as Belden 99 1 3 and 93 1 1 have a special foil wrap around the dielectric 
in addition to the copper braid. 931 1 cable is approximately 1/4 inch in diameter 
and a good choice for cable runs of less than one hundred feet. 99 1 3 is about I /2 
inch in diameter and will necessitate additional coaxial cable adapters if the antenna 
or receiver require a BNC-type connection. Support for the cable must 
be provided at BNC connection to avoid c 
mated connector on the receiver or anter 



Never: 

Run the antenna feedline next to power lines or electric cables 
Bend the coaxial cable sharply 

Run the cable through a window and shut the w'lndow on the cable 

Use twist-on cable connectors 

Pull or twist connectors installed on the cable 

Allow' cable to be walked on or crushed 

1 cvivc' the antenna feedline connected to your receiver during electrical storms 

Always: 

Solder the shield of rhe coaxial cable to the connector 
(not applicable for crimp connectors) 

Ground the antenna to a cold water pipe or grounding rod, or both 
Secure the antenna feedline so that the wind cannot sway it 
Seal the antenna connection with electrical tape or non-conductive sealant 
Purchase the best cable available 

Replace worn or broken cables and ground connections immediately 
Inspect the system at least once a year to reduce trouble shooting time* 



System Safety 

Once the system is si't-up, tilways disconnect ttie antc'nna at ttva c one lusion of use 
and durincj stcrrrns to prc'vent danvKje to the' systc'm 




outer 



dielectric spacing 



shield 



inner conductor 



figure 6 1 
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Resources 





variety of resources are available to 
teachers, many of those listed have 
education materials available without 
charge. Please note the Importance of 
making requests on school letterhead. 



Many excellent publications about, or 
organizations focusing on Earth system 
science, weather, remote-sensing tech- 
nology, and space exist. Those appear- 
ing in the resource section were listed 
because of their relevancy to the use of 
environmental satellite imager^' and 
their accessibility nation-wide. 



Many additional resources are likely to 
oe located in your area. 




Contact your local Red Cross or 
office of emergency preparedness 
for information about severe or 
hazardous weather; 
contact local science centers or 
museums for information related to 
global change, the atmosphere, 
satellites, etc.; 

utilize your school's, school sys- 
tem's, or county's experts to assist 
you with technology; 
contact nearby colleges and 
universities for assistance/collabo- 
ration on atmospheric studies. 
Earth observation, etc.; 
contact your local newspapers and 
television stations for information 
about how weather forecasts are 
prepared. All of these suggested 
sources are also potential providers 
of guest speakers. 





Resources 




Section I Bulletin Boards 125 

Section 2 Federal Agencies and Programs 126 

Section 3 NASA Educational Resources 128 

NASA Spacelink 



NASA Education Satellite Videoconference Series 
NAS^ Television 

NASA Teacher Resource Center Network 
Regional Teacher Resource Center 
NASA Core 

General Information for Teachers and Students 



Section 4 National Oceanic and Atmospheric Admir'istration 132 

Section 5 Organizations 134 

Section 6 Vendors 136 

Section 7 Weather Service Forecast Office Locations 137 

Weather Service River Forecast Centers 

Sections Internet 140 



AskERIC 
Internet Society 

Anonymous File Transfer Protocol 
Gopher 

World Wide Web Servers 

Books, Articles, and Other Resources 



* 
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Bulletin Boards 





ection 1 

Keplerian Elements 



Keplerian Elements, or satellite orbital elements, are the group of numbers required 
to define a satellite orbit. The elements are a critical components of satellite tracking 
and essential to APT system-users for identifying optimal signal reception. Keplerian 
elements can be obtained by modem, at no charge other than the long distance 
phone fees, from the following electronic bulletin boards. 



NASA Spacelink 

205-895-0028 
Huntsville, Alabama 
24 hours 

2400/1200/300 baud 
8 bit NO parity 1 stop 
or through Internet: 

World Wide Web — http://spacelink.msfc.nasa.gov 
Gopher — gopher://spacelink.msfc.nasa.gov 
Anonymous FTP — ftp://spacelink.msfc nasa.gov 
Telnet — telnet://spacelink.msfc.nasa.gov 



Two-line Keplerian elements are contained in the following directory of NASA Spacelink: 
instructional materials/software/tracking elements 



Celestial RCP/M 

(205) 409-4280 
Montgomery, Alabama 
SYSOP. Dr. TS Kelso 
24 hours 

9600/2400/1200 baud 
8 bit NO parity I stop 

BorderTech Bulletin Board 

410-239-4247 
Hampstead, Maryland 
SYSOP: Mr. Charlie Davis 
24 hours 

14400/9600/2400/300 baud 
8 bit NO parity 1 stop 

Oatalink Remote Bulletin 
Board System 

(Dallas Remote Imaging Grcxip) 
214-394-7438 
Carrollton. Texas 
SYSOP Dr. Jeff W-rllach 
24 hours 

9600/2400/1200 t.iaurl 
8 bit NO pr-inty I sk.)fj 




For BorderTech Bulletin Board and 
Oatalink RBB System 

[;)ial the BBS and login 
'D' for download, 

lype BULLEr90" as the file to download. 
Open a ZMODf-.M file transfer mode with 
your telecommunications software 
flh(' file name is always called BULLIT90 ) 
fhis will transfer the NASA 2-lino elements 
to a file on the users computer 
I otj (,)Ut of the BBS 
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Federal Agencies and Programs 




ection 2 

The GLOBE Program 

Thomas N. Pyke, Jr, Director 
744 Jackson Place 
Washington, DC 20503 
(202) 395-7600 
FAX (202) 395-761 1 



Global Learning and Observations to Benefit the Environment (GLOBE) is an internation- 
al science and education program, which is establishing a network of K-12 students 
throughout the world making and sharing environmental observations. 

National Air and Space Museum 

Education Resource Center (ERC) 

MRC 305, NASM 
Washington, DC 20560 
(202) 786-2109 



For teachers of grades K-12, ERC offers educational materials about aviation, space 
exploration, and the Museum's collections, including curriculum packets, videotapes, 
slides, filmstrips, and computer software. Free newsletter published three times annually. 

National Center for Atmospheric Research (NCAR) 

PO Box 3000 

Boulder, Colorado 80307-3000 
(303) 497-1000 



Educational materials, reguest ordering information 

U.S. Department of Agriculture 

Soil Conservation Service 
Public Information 
PO Box 2890, Room 6110 
Washington, DC 20013 

Conservation education activities and technical information on soil, water, and 
other resources. 



U.S. Department of Energy 

National Energy Information Center El-23 1 
Room I F-048, Forrestal Building 
1 000 Independence Avenue, SW 
Washington, DC 20585 
(202) 586-8800 

Enercjy-relfitcvl educritional materials for prim.iry ,incl seconr.Jary students ,ind 
educators, free or low cost 



X. . 
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U.S. Environmental Protection Agency 

Public Information Center 
401 M Street, SW 
Washington, DC 20460 
(202) 260-7751 

Request list of publications, many of them free, and a sample copy of ER^ Journal, a 
forum for the exchange of ideas in elementary-level environmental education. 

U.S. Geological Survey 

Geological Inquiries Group 
907 National Center 
Reston, VA 22092 
(703) 648-4383 

Teachers packet of geologic materials and geologic teaching aids, information foi 
ordering maps. Requests must be on school stationary and specify grade. 

Hydrologic Information Unit 
Water Resources Division 
4 1 9 National Center 
Reston, VA 22092 

Free Water Resources Div. Info Guide, v^ater fact sheets (Acid Rain, Regional 
Aquifer Systems of the U.S,, Largest Rivers in the U.S,, Hydrologic Hazards in K.arst 
Terrain); leaflets (Groundv^ater: The Hydrologic Cycle). 

U.S. Government Printing Office 

Superintendent of Documents 
Washington, DC 20402 
(202) 783-3238 

Request free Subject Bibliography Index that gives descriptions, prices, and ordering 
instructions. 

University Corporation for Atmospheric Research (UCAR) 

Office for Interdisciplinary Earth Studies 
PO Box 3000 

Boulder, Colorado 80307-3000 
(303) 497-2692 
FAX (303) 497-2699 
Internet: oies@nc.ar near c'du 

Educational materials, including a scvies of thrc.'e climate public dtions un(.lrr thc’ seiies 
Re p orts to the Nation On Our Changing P lanet: 

The Climate System (Wintc’r 1 99 I ), 

Our O/onc Shield (Fall 1992) , and 

tl Nifio and Climate Ptedii tion (Sf)riruj 1 994) 
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NASA Educational 
Resources 




ection 3 

NASA Spacelink: An Electronic Information System 

NASA Spacelink is an electronic information system designed to provide current educa- 
tional information to teachers, faculty, and students. Spacelink offers a wide range of 
materials (computer text files, software, and graphics) related to the space program 
Documents on the system include: science, mathematics, engineering, and technology 
education lesson plans; historical information related to the space program; current sta- 
tus reports on NASA projects; news releases; information on NASA edcuational pro- 
grams; NASA educational publications; and other materials such as computer software 
and images, chosen for their educational value and relevance to space education The 
system may be accessed by computer through direct-dial modem or the Internet 



Spacelink's modem line is (205) 895-0028. 

Data format 8-N-l, VT-lOO terminal emulation required 
The Internet TCP/ IP address is 192.149.89.61 
Spacelink fully supports the following Internet services 



World Wide Web 
Gopher: 

Anonymous FTP 
Telnet. 



For more information contact 
Spacelink Administrator 
Education Programs Office 
Mail Code CL 01 

NASA Marshall Space Flight Center 
Huntsville, AL .35812-0001 
Phone. (205) 554-6360 



http://spacelink.msfc.nasa.gov 

spacelink.msfc.nasa.gov 

spacelink.msfc.nasa.gov 

spacelink. msfc.nasa, gov 

(VT-100 terminal emulation required) 



NASA Education Sateiiite Videoconference Series 

The Education Satellite Videoconference Series for Teachers is offered as an inservice 
education program for educators through the school year. The content of each pro- 
gram varies, but includes aeronautics or space science topics of interest to elementary 
and secondary teachers. NASA program managers, scientists, astronai.' .. and educa- 
tion specialists are featured presenters The videoconference series is fii e to registered 
educational institutions To participate, the institution must have a C-band satellite 
receiving system, teacher release time, and an optional long distance telephone line fo; 
interaction. Arrangements may also be m.^de to receive the satellite signal through the 
local cable television system The programs may be videotaped and copied for later 
use. For more information, contrict 

Videoconference Producer 

N/\SA Teaching From Space Proyrrim 

308 A CITD 

Oklahoma State University 
Stillwater, OK 74078-0422 
E-Mail: nasaedutvOsmtpyate usu hq nasa ejov 
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NASA Television 

NASA Television (TV) is the Agency's distribution system for live and taped programs. 

It offers the public a front-row seat for launches and missions, as well as informational 
and educational programming, historical documentanes, a’" d updates on the latest 
developments in aeronautics and space science. 

The educational programming is designed for classrooom use and is aimed at inspiring 
student; to achieve-especialiy in science, mathematics, and technology. If your school's 
cable TV system carries NA'iA TV or if your school has access to a satellite dish, the pro- 
grams may be downlinked and videotaped Daily ard monthly programming sched- 
ules for NASA TV are also available via NASA Spacelink, N/\S/', Television is transmitted 
on Spacenet 2 (a C-band satellite) on transponder 5, chcinncl 8, 69 degrees West with 
horizontal polarization, frequency 3880,0 Megahertz, audio on 6 8 megahertz. For 
more information contact: 

NASA Headquarters 
Technology and Evaluation Branch 
Code FET 

Washington, DC 20546-0001 

NASA Teacher Resource Center Network 

To make additional information available to the education community, the NASA 
Education Division has created the NASA Teacher Resource Center (TRC) network. TRCs 
contain a wealth of information for educators, publications, reference books, slide sets, 
audio cassettes, videotapes, telelecture programs, computer programs, lesson plans, 
and teacher guides with activities. Because each NASA Field Center has its own areas 
of expertise, no two TRCs are exactly alike. Phone calls are welcome if you are unable 
to visit the TRC that serves your geographic area, A list of the Centers and the geo- 
graphic regions they serve starts on p< ge 1 30, 

Regional Teacher Resource Centers (RTRCs) offer more educators access to 
NASA educational materials. NASA has formed partnerships with universities, muse- 
ums, and other educational institutions to serve as RTRCs in many states. Teachers 
may preview, copy, or receive NASA materials at these sites A complete list of 
RTRCs is available through CORE, 

NASA Central Operation of Resources for Educators (CORE) was esrablishr d 
for the national and international distribution of NASA-produced educational mate 
rials in audiovisual format Educators can obtain a catalogue of these materials 
and an order form by written request, on school letterhead to 

NASA CORE 

Lorain County Joint Vocational Scfiool 
15181 Route 58 South 
Obcriin, OH 44074 

Phone. (216) 7 74 1051, Ext 293 or 294 
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ERIC 



General Information for 
Teachers and Students 



If You Live In; 


Center Education 
Program Officer 


Teacher Resource Center 


Alaska 


Nevada 


Mr Garth A, Hull 


NASA Teacher Resource Center 


Arizona 


Oregon 


Chief, Education Programs Branch 


Mail StopT12-A 


California 


Utah 


Mail Stop 204-12 


NASA Ames 


Hawriti 


W<ishington 


NASA Ames Research Center 


Research Center 


Idaho 


Wyoming 


Moffett Field, CA 94035-1000 


Moffett Field, CA 1035- 1 000 


Montana 




PHONE (415)604-5543 


PHONE (4 15)604-3574 


Connecticut 


New Hampstiire 


Vir Richard Crone 


N/\SA Teachc'f Resourc e Tab 


Delaware 


New Jersey 


Educational PrOi.)rams 


Mail Code 1 30 3 


DC 


New York 


Code 1 30 


NASA GSFC 


Maine 


Tt'nnsylvanu) 


NASA GSFC 


Grc'enbc'lt, MD ,T07 7 M)0'dl 


Maryland 


Rhode isicuxl 


Grcenbclt, MD 2077 1-0t)0! 


PHONE HOI 1 286-85 /O 


Massachusetts 


Vermont 


PHONE !301 ) 286-720n 




Colorado 


Nortii Dakota 


Dr Robert W Fitzm.iunre 


NA.SA Te.iciiof Resoura- Room 


Kansas 


Oklahoma 


Center Education Program C.)fticer 


Mail Code AP2 


Neb'aska 


Soutti D 'kota 


Education and Public St'rvict'^ 


NASA Johnson 


New Mex! ■> 


Texas 


Birinch - AP2 


Space Center 






NASA Johnson Space Center 


Houston, TX 77058-3696 






Houston, TX 7 7058-3696 


PHONE i/l 3i 433-8696 






PHONE (713)483-1257 




Florida 




Df Steve Dutczak 


NASA Educators Resource' 1 ,H) 


Geoigia 




Chief, Education Services Brar'. h 


Mail Code ERL 


Puerto Rico 




Mail Code PA-ESB 


NASA Kennedy 


Virgin Islands 




NASA Kennedy Space Center 


Space Center 






Kennedy Space Center, FL 


Kenrs. ''oace' Center, FI 






32899-0001 


32899-0001 






PHONE (40/) 867-4444 


PHONE (407) 867 4090 


Kentucky 




Ms V irrhelle Ctinright 


NASA Teacher Resource Cor ;ror 


North Carolina 


Center Education Program Offiua 


NASA Langley 


South Carolina 


Mail Stop 400 


Research Center 


Virginia 




NASA Langley Research Center 


Virginia Air and Space Cc'nter 


West Vdcjinia 




Hampton, VA 2368'-0001 


600 Settler s Lrnding Rc.vu.i 






PHONE (804) 864 HO 3 


FEimfitc.)n, VA 2.3699-4' H 3 








PHONE (8041/27-0900 x 75/ 



IKinois 

IncJuMci 

Mirhfcj.m 



( )f')H ) 



,’vls JiMfifi Cficirleston 
A( CAicf, Office nf 

r.duc Prn(jr,ims 
V 'll 7-4 

NASA Lewis Research Center 

? I non Rri 1 Rf'icifi 
i (, 'M 44 1 

f’f U )^j^ 1/ 1 M 4 ^ ^ 4'P,/ 



N,W\ Tt‘jc, fuv Rt'souff t' C'cfUr 
M<iil Stoi') 8 1 

NASA Lewis 
Research Center 

/I0(){^ Bfookp.u^ 

' lrv('l<in(j, Ofj 441 n*)» 

f'f K iNf i/idi 4 M /ol / 
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If You Live In: 


Center Education 
Program Officer 


Teacher Resource Center 


Alabama Louisiana 

Arkansas Missouri 

Iowa Tennessee 


Mr. JD Horne 

Director, Education Programs Office 
Mail Stop CL 01 

NASA MSFC 

Huntsville, AL 35812-0001 
PHONE: (205) 544-8843 


NASA Teacher Resource Center 
N/\SA MSFC 

U.S. Space and Rocket Center 
PO. Box 070015 
Huntsville, AL 35807-7015 
PHONE. (205)544-5312 


Mississippi 


Dr. David Powe 

Manager, Educational Programs 
Mail Stop MAOO 

NASA John C. Stennis 
Space Center 

Stennis Space Center, MS 
39529-6000 

PHONE: (601) 688-1 107 


NASA Teacher Resource Center 
Building 1200 

NASA John C. Stennis 
Space Center 

Stennis Space Center, MS 
39529-6000 

PHONE. (601) 688-3338 


The Jet Propulsion 
Laboratory (JPL) Center 
serves inquiries related to 
space and planetary 
exploration and other JPL 
activities 


Dr. Fred Shair 

Manager, Educational Affairs Office 
Mail Code 183-900 

NASA Jet 

Propulsion Laboratory 

4800 Oak Grove Drive 
Pasadena, CA 91 109-8099 
PHONE: (818) 354-8251 


N/ASA Teacher Resource 
JPL Educational Outreach 
Mail Stop CS-530 

NASA Jet 

Propulsion Laboratory 

4800 Oak Grove Drive 
Pasadena, CA 9 1 1 09-8099 
PHONE: (818) 354-6916 



CaliforDM NASA Teacher 

(mainly cities near Dryden Resource Center 

Flight Research Facility) Public Affairs Office (TrI. 42) 

NASA Dryden Flight 
Research Facility 

Edwards, CA 93523-0273 
PHONE. (805) 258-3456 



Virginia and Maryland's 
Eastern Short's 



NASA Teacher Resource Lab 
NASA GSFC 

NX/allops Flight Facility 

Education Complex ■ 

Visitor Center 
Building J- 1 7 
Wallops Island, VA 
2 3337-5099 

Phonf' (804) 824 2297/2278 




National Oceanic and 
Atmospheric Administration (NOAA) 




action 4 

Educational Affairs Division 

Joan Maier McKean, Educational Affairs, E3 

SSMC4, Room 1W225 

1 305 East West Highway 

Silver Spring, Maryland 209 1 0 

(301) 713-1 170 

FAX (301) 713-1174 



National Climatic Data Center 

National Oceanic and Atmospheric Admin, 
Federal Building 
Asheville, NC 28801-2696 



Archived, historical climate data. 

National Environmental Satellite, Data, 
and Information Service (NESDIS) 

Colby Hostetler 
NESDIS Outreach Office 
Federal Building 4, Room 104 5 
Suitland, Maryland 20233 
(301) 763-4691 
FAX (301) 763-401 1 

NESDIS primary education goal is to enable teachers to access and interpret satellite 
imagery as an Earth science education tool. Data can be accessed by direct readout 
from orbiting satellites or via the Internet, 

National Marine Sancti ary Program and the 
National Estuarine Research Reserve System 

Lauri MacLaughlin, Education Coordinator 

Sanctuaries and Reserves Division 

SSMC4, Room 12409 

1 305 East West Highway 

Silver Spring, Maryland 209 1 0 

(301) 713-3145 

FAX (301) 713-0404 

Identify, designate and m<inage rtreas ol the maiine environment of national signifi- 
cance, Thirteen sanctuaries havc> tx'('n estahlishe'd, visitor centers at these sites promote 
education activities 



NOAA Public Affairs Office 

Correspondence Unit 
Room 3 1 7 

1825 Connecticut Avenue NW 
Washington, DC, 202 ?5 
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Limited number of publications suitable for classroom instruction that teachers can 
request by mail. Some of these titles are available on the Internet 

Natu lal Sea Grant College Program 

Director, National Sea Grant College Program 

SSMC3, Room 11843 

1315 East West Highway 

Silver Spring, Maryland 20910 

(301) 713-2431 

FAX (301) 713-0799 

Develop and analyze U.S. marine resources. Offices divisions are: living resources, 
non-living resources, technology and commercial development, environmental studies 
and human resources 

National Snow and Ice Data Center (NSIDCj 

Box 449 
Gres Campus 
University of Colorado 
Boulder, Colorado 80309 
(303) 492-6197 

National Weather Service (NWS) 

Ron Gird 

Office of Meteorology 
SSMC2, Room 14110 
1325 East West Highway 
Silver Spring, Maryland 20910 
(301) 713-1677 
FAX (301) 713-1598 

Supports educational programs developed by a variety of outside organizations such 
as American Meteorological Society and the Weather Channel Provides a series of pub- 
lications on severe weather and broadcasts NOAA weather radio to increase public 
awareness and responsibility in the event of severe weather 
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Organizations 




ection 5 

American Meteorological Society 

1701 K Street NW Suite 300 
Washington, DC 20006-1509 



Request information about the Atmospheric Education Resource /\gent (AERAi program 
and the AERAs in your state. 



American Radio Relay League 

225 Mam Street 

Newington, Connecticut 18601 

Amateur club with local chapters, pos.sible source of technical assistance with equif.^ment 



American Weather Observer 

401 Whitney Boulevard 
Belvedere, Illinois 6!0bu-j/72 



Weather interest group with publication 

Amsat 

PO Box 27 

Washington, DC 20044 
(301) 589-6062 
FAX (301) 608-3410 

Non-profit organization, members are a potential source of local techniCcrl assistance 
to schools (e g., direct readout ground station set-up), Amsat also publishes low-cost 
software 



AskEric 

ERIC Clearinghouse on Information Resources 

Center for Science and Tec hnology 

Syracuse University 

Syracuse, New York I 3244-4 1 00 

(315) 443-91 14 

(315) 443-5448 

email: askeric@ericir syr edu 

See The Internet, this secticm 

Dallas Remote Imaging Group (DRIGj Information System 

Dallas, Texas 
SYSOP. Dr. Jeff Wallacti 
(214) J94 74 m 
24 flours 

14 400/9600/2400 tiaud 
B tilt Nf J fianty I stofi 





International organization of professionals interested in image-processing techniques, 
tracking satellites, and telemetry analysis. DRIG's bulletin board system provides 
Keplerian elements free; fee to access other services. 

Educational Center for Earth Observation Systems 

School of Education 

West Chester University 

West Chester, Pennsylvania 19383 

|2I5) 436-2393 

FAX (215) 436-3102 

Annual (March) Satellites and Education Conference, other educational information. 

International Weather Watchers 

PO Box 77442 
Washington, DC 20013 

American weather interest group with publication. 

Internet Society 

1 895 Preston White Drive.', Suite 1 00 
Reston, Virginia 22091 
(703) 648-9888 
FAX(703) 620-0913 
email. isoc@isoc org 

See The Internet, this section 

The Weather Channel 

Education Services 
2690 Cumberland Parkway 
Atlanta, Georgia 30339 
(404) 801-2503 



Televised weather docuiTientanes, educatic.)nal programming, educational materials 
for sale 




Vendors 
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This is not an endorsement, recommendation, or guarantee for any person or product, 
nor does a listing here imply a connection with NASA or the MAPS-NET project. These 
vendors sell direct readout hardware, software, and/or services. 



Amsat 

PO Box 27 

Washington, DC 20044 
(301) 589-6062 
F/\X (301) 608-3410 

Clear Choice Education Products 

PO Box 745 
Helen, Georgia 30545 
800 533-5708 
F/\X (706) 865-7808 

ERIM 

Earth Observation Group 
PO Box 1 3400 1 
Ann Arbor, Michigan 48113 
(313) 994-1200, ext 3350 
F/\X (313) 668-8957 

Fisher Scientific 

490 1 West LeMoyne Street 
Chicago, Illinois 6065 1 
800 955-1 177 
F/\X (312) 378-7174 

GTI 

I 54 I Fritz Valley Road 
Lehighton, Pennsylvania 18235 
(717) 386-4032 
F/\X (717) 386-5063 

Lone Eagle Systems Inc. 

5968 Wenninghoff Road 
Omaha, Nebraska 68134 
(402) 571-0102 
F/\X (402) 572-0745 

Marisys Inc. 

I 31 NW43rd Street 
Boca Raton, Florida 334 31 
(407) 361-0598 
fAX (407) 361-0599 

MultiFAX 

143 Rollin Irish Rorid 
Milton, Vermont 05468 
(802) 893-7006 
F/\X (802) 89.3 6859 



OFS Weatherfax 

6404 Lakerest Court 
Raleigh, North Carolina 27612 
(919) 847-4545 

Quorum Communications, Inc. 

8304 Esters Boulevard 
Suite 850 

Irving. Texas 75063 
800-982-96i4 
(214) 915-0256 
PAX (214) 915-0270 
BBS (214) 915-0346 

Satellite Data Systems, Inc. 

800 Broadway Street 
PO Box 2 1 9 

Cleveland, Minnesota 560 1 7 

(507) 931-4849 

F/\X same as voice number 

Software Systems Consulting 

6 1 5 S. El Camino Real 
S.an Clemente, California 92672 
(7 14) 498-5784 
F/\X (714) 498-0568 

Tri-Space Inc. 

PO Box 7 1 66 

McLean, Virginia 22106-7166 
(703) 442-0666 
F/\X (703) 442-9677 

U.S. Satellite Laboratory 

8301 Ashford Blvd,, Suite 717 
Laurel, Maryland 20707 
(301) 490-0962 
F/\X (301) 490-0963 

Vanguard Electronic Labs 

I 96-2 3 Jamaica Avenue 
Molhs, N('W York 11423 
17 18) 468 2720 
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Weather Forecast 
Office Locations 




ection 7 

The following are Weather Forecast Office locations proposed under the National 
Weather Service modernization. Teachers are encouraged to contact their nearest 
office for information about local and hazardous weather. 





WFO Name- 
Metropolitan Area 

Aberdeen, SD 
Albany, NY 
Albuquerque, NM 
Amarillo, TX 
Anchorage, AK 
Atlanta, GA 

Austin/San Antonio, TX 

Baltimore, MDAVashington, DC 

Billings, MT 

Binghamton, NY 

Birmingham, AL 

Bismarck, ND 

Boise, ID 

Boston, MA 

Brownsville, TX 

Buffalo, NY 

Burlington, VT 

Central Illinois, IL 

Central Pennsylvania, PA 

Charleston, SC 

Charleston, WV 

Cheyenne, WV 

Chicago, IL 

Cincinnati, OH 

Cleveland, OH 

Columbia, SC 

Corpus Christi, TX 

Dallas/Fort Worth, TX 

Denvcr/Boulder CO 

Des Moines, lA 

Detroit, Ml 

Dodge City, KS 

Duluth, MN 

Eastern North l'.)akota, ND 
El Paso, TX 
Elko, NV 
Eureka, CA 
Fairbanks, AK 
Flagstaff, AZ 
Glasgow, MT 
Goodland, KS 



Proposed Office Location 



Aberdeen Regional Airport 
State University of New York, Albany 
Albuquerque International Airport 
Amarillo International Airport 
Anchorage International Airport 
Falcon Field, Peachtree Ciiy 
New Braunfels Municipal Airport 
Sterling, VA 

Billings-Logan International Airport 
Binghamton Regional - Edwin Link Field 
Shelby County Airport 
Bismarck Municipal Airport 
Boise Interagency Fire Center 
Taunton, MA 

Brownsville International Airport 
Greater Buffalo International Airport 
Burlington International Airport 
Logan County Airport 
State College, PA 
Charleston International Airport 
Ruthdale, WV 

Cheyenne Municipal Airport 
Lewis University Airport 
Wilmington, OH 

Cleveland-Hopkins International Airport 
Columbia Metropolitan Airport 
Corpus Christi International Airport 
Fort Worth, TX 
Boulder, CO 
Johnson, lA 

Pontiac/Indian Springs Metropark 
Dodge City Regional Airport 
Duluth, MN 

near University of North Dakota 

Dona Ana County Airport at Srinta Theresa, NM 

Elko, NV 

Woodley Island, CA 
University of Alaska, Fan brinks, AK 
Navajo Army Depot, Bcllmont, AZ 
Glasgow City and County Infl Airport 
Goodland Municipal Airport 
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WFO Name- 


Proposed Office Location 


Metropolitan Area 




Grand Junction, CO 


Walker Field, Grand Junction Arport 


Grand Rapids, Ml 


Kent County International Airport 


Great Falls, MT 


near Great Falls International Airport 


Green Bay, Wl 


Austin-Straubel Field 


Greenville/Spartanburg, SC 


Greenville/Spartanbi rg Airport 


Hastings, NE 


Hastings, NE 


Honolulu, HI 


University of Hawaii Honolulu, HI 


Houston/Galveston, TX 


League City, TX 


Indianapolis, IN 


Indianapolis Interriational Airport 


Jackson, MS 


Jackson Municipal Airport 


Jacksonville, FL 


Jacksonville International Airport 


Juneau, AK 


(not yet determined) 


Kansas City/Pleasant Hill, MO 


Pleasant Hill, MO 


Knoxville/Tri Cities, TN 


Morristown Airport Industrial District 


La Crosse, Wl 


La Crosse Ridge, La Crosse, Wl 


Lake Charles, LA 


Lake Charles Regional Airport 


Las Vegas, NV 


Las Vegas, NV 


Littie Rock, AR 


North Little Rock Municipal Airport 


Los Angeles, CA 


Oxnard, CA 


Louisville, KY 


Louisville, KY 


Lubbock, TX 


Lubbock, TX 


Marquette, Ml 


Marquette County Airport 


Medford, OR 


Medford-Jackson County Airport 


Melbourne, FL 


Melbourne Regional Airport 


Memphis, TN 


Agricenter International Complex 


Miami, FL 


Florida International University 


Midland/Odessa, TX 


Midland International Airport 


Milwaukee, Wl 


Sullivan Township, Jefferson County 


Minneapolis, MN 


Chanhassen, MN 


Missoula, MT 


Missoula International Airport 


Mobile, AL 


Mobile Regional Airport 


Morehead City, NC 


Newport, NC 


Nashville, TN 


Old Hickory Mountain, TN 


New Orleans/Baton Rouge, LA 


Slidell Airport 


New York City, NY 


Brookhavcn National Lab, Upton, NY 


Norfolk/Richmond, VA 


Wakefield, VA 


North Central Lower Michigan 


Passenheirn Road, Ml 


North Platte, NE 


North Platte Regional Airport 


Oklahoma City, OK 


University of Oklahoma Westheimer .Airpark 


Omaha, NE 


Valley, NE 


Paducah, KY 


Barkley Regional Airport 


Pendleton, OP 


Pendleton Munic ipal Airport 


Philadelpfiia, FA 


Mt Holly, NJ 


Phoenix, AZ 


Pfioenix, AZ 


Pittsburgh, PA 


Coraopolis. PA 


Pocatello/ldaho F,ilK. ID 


Pocatello Recjional Airport, ID 


f^ortland, ME 


( )My, MF 
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WFO Name — Proposed Office Location 

Metropolitan Area 



Portland, OR 

Pueblo, CO 

Quad Cities, lA 

Raleigh/Durham, NC 

Rapid City, SD 

Reno, NV 

Riverton, WY 

Roanoke, VA 

Sacramento, CA 

Salt Lake City, UT 

San Angelo, TX 

San Diego, CA 

San Francisco Bay Area, CA 

San Joaquin Valley, CA 

San Juan, PR 

Seattle/Tacoma, WA 

Shreveport, lA 

Sioux Falls, SD 

Spokane, WA 

Springfield, MO 

St. Louis, MO 

Tallahassee, FL 

Tampa Bay Area, FL 

Topeka, KS 

Tucson, AZ 

Tulsa, OK 

Wichita, KS 

Wilmington, NC 



near Portland International Airport 
Pueblo Municipal Airport 
Davenport Municipal Airport 
NC State University, Raleigh, NC 
Rapid City, SD 
Reno, NV 

Riverton Regional Airport 
Blacksburg, VA 
Sacramento, CA 

Salt Lake City International Airport 

Mathis Field 

(not yet determined) 

Monterey, CA 
Hanford Municipal Airport 
Luis Munoz Marin Int'l Airport 
NOM Western Regional Center 
Shreveport Regional Airport 
Sioux Falls Municipal Airport 
Rambo Road, Spokane, WA 
Springfield Regional Airport 
Research Park, St. Charles County 
Florida State University 
Ruskin, FL 

Philip Billard Muiiicipal Airport 
University of Arizona, Tucson, AZ 
Guaranty Bank Building 
Wictiita Mid-Continent Airport 
New Hanover International Airport 




iver Forecast Centers 

River Forecast Center Name 



Co-located Weather Forecast Office 



Southeast RFC 
Lower Mississippi RFC 
Arkansas-Red Basin RFC 
West Gulf RFC 
Ohio RFC 

Middle Atlantic RFC 
Northeast RFC 
Colorado Basin RFC 
California-Nevada RFC 
Northwest RFC 
North Central RFC 
Missouri Basin RFC 
Alaska RFC 



Atlanta, GA 

New Orleans/Baton Rouge, A 
Tulsa, OK 

Dallas/Foit Worth. TX 

Cincinnati, OH 

Central Pcmnsylvania, PA 

Boston, MA 

Salt Lake City, UT 

Sacramento, CA 

Portland, OR 

Minneapc^lis, MN 

K<insas City/Pleasant HJI, MO 

Anc hcrracje, AK 
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The Internet: Another 
Source of Imagery 




ection 8 

One of the fastest growing resources of information today is the Internet. Pick up a 
recent newspaper or maga 2 ine, turn on your television, and chances are you will read 
or hear about this powerful tool. A leading proponent of the Internet, Vice President 
Albert Gore recently set a goal for the year 2000 to connect every school and library in 
the United States to the "National Information Infrastructure." 



The Internet contains text, images, and software on a broad range of topics. It is a 
computer network (commercial, government, research, and educational) which spans 
the globe and provides instant access to information and communication. Users can 
download text, images, and software for both IBM and Macintosh computers. Users 
can also participate in discussion groups and have instant access to experts worldwide 

For those who do not have access to an environmental satellite direct readout system, 
the Internet is an alternative source for up-to-date polar and geostationary environmen- 
tal satellite images. Images downloaded from the Internet can be used with the envi- 
ronmental satellite lesson plans that have been developed as part of the Looking at 
Earth From Space senes. 



This listing of Internet sites wht^re environmental satellite (polar and geostationary) 
imagery may be downloaded, aiso includes brief inforriiation describing some com- 
mon Internet tools In this section, resoun es arc“ identified by their Uniform Resource 
Locator or URL The following code is used' 



ftp. //host name. domain/cJirectory/(filename) 
http. //host nar'nc“ domain/direr t(.')ry/(filen<ime) 
telnet ://host.narTiedorriain 
gopher //host. name domain 



Flic Transfer Protocol (FTP) Site 
World Wide Web (WWW) Server 
Telnet Site 
Gopher Server 



Check with local colleges for .ivailability of no-cost access. Othc-r possible source's are 
local libraries rind dial-up services 



As you explore the Internet, please keep in riTind th,rt this is <rn c'ver-changing environ- 
ment — some of the sites you use today may be gone toriTorrow. The network services 
listed in this section havc“ proven dependable Flowever, you will cjisccwer that some of 
these references h.ive rfranejed ,-inc1 th.it many new resources exist 





skERIC 

The Educational Resources Information Center (ERIC) is a federally-funded national 
information system that provides access to education-related literature at all education 
levels, AskERIC is an Internet-based question-answering service for teachers, library 
media specialists, and administrators, Anyone involved in K-12 education may send a 
question to AskERIC, whose policy is to respond to all questions within 48 hours, 

AskERIC 

ERIC Clearinghouse on Information Resources 
Syracuse University — Center for Science and Technology 
Syracuse, New York 1 3244-4 1 00 
(3 1 5) 443-9 1 1 4; FAX (3 1 5) 443-5448 
email: askeric@ericir,syr,edu 

□ he Internet Society serves as the international organization for 
cooperation and collaboration. 

Internet Society 

1 895 Preston White Drive, Suite 1 00 
Reston, Virginia 22091 
(703) 648-9888, FAX (703) 620-0913 
email: isoc@isoc,org 

Anonymous File 
Transfer Protocol (FTP) 

File Transfer Protocol (FTP) allows the user to connect to another computer and copy files 
from that system to the user's computer. It also allows the user to upload files. Files may 
include ASCII text files, PostScript files, software, and images. Many computer systems also 
allow general public access to specific sections of their files through 7\nonymous FTP The 
following Anonymous FTP sites contain polar and geostationary satellite images, in for- 
mats such as GIF that can be used on IBM and Macintosh computers Note that these 
addresses are Vfilid with World Wide Web browsers If you are usinct FTP software, omit 
ftp ;// from the following addresses 

Address: 

ftp //ats (jfst fdu/ptJb/wearher/ 
ftf.) /Aiurelie soest haw<iii edu/pub 



Description: 

Hurricane Andrew and Emily im.icjes 

University of H.iwaii Satellite Oceanocjrapfiy 
Laboratory — Japanese Geostationary 
Meteorological Satellites (GMS), AVHRR data from 
HRPT stations, and public domain software for 
acct'ssing d<Ua 
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Address: 


Description: 


• 




ftp://early-bird.think.com/pub/ 

weather/maps 


Hourly GOES visible and IR (last few days) 






ftp://earthsun.umd.edu/pub/ 

jei/goes 


Anonymous FTP site for the "Blizzard of 93" 
movie in flc format 






ftp://explorer.arc.nasa.gov/ 

pub/weather 


GOES and Japanese Geostationary 
Meteorological Satellite (GMS) images 






ftp://ftp.colorado.edu/pub/ 


Includes satellite images for several U.S. cities 
and regions, as well as images of hurricanes 
Andrew and Emily in the subdirectory 
"hurricane. andrew." Also included are radar 
summary map GIF and PICT files and surface maps. 






ftp://ftp.ssec.wisc.edu/pub/images 


University of Wisconsin FTP server 






ftp://hurricane.ncdc.noaa.gov 


NO/V\ climate archives 






ftp://kesrrcl umd edu/pub/wx 

ftp.y/photo 1 .si.edu/More 
Smithsonian. Stuff/nasm. 
pimetarium/weather.qif 


Hourly GOES visible and IR (last few days) 
NO/V\ and other satellite images 


• 




ftp://rainbow.physics.utoronto.ca/ 

pub/sat_images 


Imacjes of Hurricane Emily 






ftp://sumex-airn.stanford.edu/ 

pub/info-mac/art/qt 


Anonymous FTP site for Quicktime (for 
Macintosh) rriovie of the "Blizzard of 93" 






ftp://thundcr.atms purdue edu 


Purdue University, 'The Weather Processor" — 
current GOES visible and IR images and other 
weather information 






ftp //unidata uccir edu/images/ 
Images gif 


Images of hurricanes Fnuly Hugo, Beryl, Kevin 






ftfiV/wmaps IOC nr.io c'du/fxjp/wx 


Hourly GOES visitTe and IR (last few days) 






ft|.r//wx rescrirch ,itt ( orn/wx 


Hourly GOES visible and IR (last few d.iys) 




o 




I • f 


• 
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Gopher 



Gopher servers present information to users through a series of menus. By choosing 
menu items, the user is led to files or servers on the Internet. Gopher can also retrieve 
files because it has a built-in interface to FTP Note that these addresses are valid for 
World Wide Web browsers. If you are using Gopher software, omit gopher:// from the 
following addresses 



Address: 


Description: 


gopher://cmits02 dowon.doe.ca 


Car idian Meteorological Centre server, GOES 
visible and IR images and other weather 
information 


gopher://downwind.sprl.umich.edu 


University of Michigan Weather Underground — 
current GOES visible and IR, climate and 
weather data, images of historic weather events 
(e.g.. Blizzard of 93, hurricanes Andrew, Hugo, 
Emily, Elena) 


qopher://gopher. esdim.noaa.gov 


NO/V3 Environmental Satellite Information 
Service —includes GOES, Meteosat, and polar- 
orbiting satellite imagery 


gopher /Zgopher gsfc.nasa gov 


N/\SA Goddard Space Flight Center information 
server 


gopher://g< f)her ssec wise edu 


University of Wisconsin server — - daily full-disk 
GOES image 


qophei //infornins k 1 2.mn us 


Gopher information related to grade K-1 2 


qopher://metlabl .met fsu.edu 


Hourly GOES visible and IR (last few days) 


gopher. //thundei atms purdue.edu 


Purdue University Gopher server containing 
meteorological satellite imagery and other 
information 


gopher //unidata ur ar edu 


Images of hurricanes Emily, Hugo, Beryl, Kevin 


qofihei //wx atnios uiuc ('du 


University of Illinois Weather Miichine ■— 
iri( ludes GOES imacjes — t uirent rind ,ur fiived 
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World Wide Web 
(WWW) Servers 



O 

ERIC 



The WWW IS a hypertext-based, distributed information system created by 'esearchers 
in Switzerland. Users may create, edit, or browse hypertext documents. The WWW 
servers are interconnected to allow a user to travel the Web from any starting point 



Address: 

http://cmits02.dow on doe. ca 
http./Zmeawx I nrrc ncsu ( du 



http.y/vortex plymoutri.edu 



http ,r/rs560 cl 'vsu edu/vveather 

http //satftp socst hawaii cdu 
Laboratory server 

http://thunder.atms purdue.edu 



http://ur data ucar edu 



http //w.vw atmos uiuc.edu 



littf.) //'.’. VAV (’sdim fi' 1 . 1,1 (jov 



http //WWW nil 1 fiJ tieilin d '/ 
[ LitaSourr es/M'dlnrl' 'x ritm; 



Description: 

Canadian Meteorological Centre — current 
GOES visible and infrared images mjpeg format 
(Text in English and French) 

North Carolina State University server includes 
latest visible and infrared satellite images, current 
regional and national weather maps, climatic 
data, tropical storm updates, and other weather- 
related information 

Plymouth State Collegc-Plym' luth, Ncs\' 
Hampshire Weather Center Serv'cr includes cur 
rent U.S. infrared satellite images and IR satellite 
loop (movie), surface analysis and radar/precipi- 
tation summary, historical weather events and 
other weather-related information 

Michigan State University server containing cuf 
rent weather maps, images (GOES, Meteosat, 
and GMS), and movies 

University of Hawaii Satellite Oceanogr<rf)hy 



The Weather Processor at Purdur.' University — 
server containing GOES visible and IR satellite 
images and other weather and climate information 

Weather-related datasets, including satellite 
images, radar scan images, houdy observations 
from international weather reporting stations, etr 

University of Illinois Daily Planet, including 
weather and climate information, tiypermedia 
instructional modules related to ineteoiolocjy 
and WWW version of the University of Illinois 
Weather Machine, which includes cum nt and 
archived GOES imc’ jes 

NC,)/V\ Envirc.)nmental Satellite Inf. um.ttion 
Service's Home Pac]e 

The World Wide Web Virtual 1 ibr.iry 
Meteorology — produced t.)y tfic' I inivrasitv nt 
Berlin, this sc’rver is c ,)U'(jon/i xf by Mil)|er t 



J i'.O 
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http.y/'AAMv.nf dc noaa gov/ncdc.html National Climatic Data Center Server 



http7/hrtp, ucar.edu 


NCAR server, includes current satellite image, 
weather maps, and movies 


http.y/zebu.uoregon edu/weather.html 


University of Oregon current weather page, 
including latest IR and VIS images of the U.S., 
surface analysis map, and local weather 
information 


http. //ww'w. us ra edu/osse/FSSE.html 


Earth System Science Education Program 
server developed by the Universities Space 
Research Association. Contains current GOES 
VIS and IR images, surface analysis map, and 
information and rriaterials related to Earth 
system science education 



esources for Software 



Name: 


Description: 


gopher://downvvind.spri.ur7iich.edLJ 
ftp://mddlcib.spri. umich.L'du/pub/ 
Biue-Skies 


Sources for BLUE-SKIES, a unique weather display 
system developed for K-l 2 schools by tfie 
University of Michiq.in. BLUE-SKIES allows 
interactive access to weather and environmental 
images, animations, and other information. The 
protjram requires a TCP/IP network connection. 


ftp.//r7ici( urchiVL' umi( h c‘(iu 


AnonyrnoLJS FTP site for Macintosh software 


ftp V/ncsd uiuc .e^du 


National Center for SupercorTiputing 
Applications' public domain software for image 
processing, data analysis, and visualization, 
applications are available for Macintosh, PC, 
LJNIX pLuforms. NCSA is also the developer of 
Mosaic, a hypertext-based interface to the 
WWW designed for Macintosh computers. A 
PPP or SLIP connei ticm is required for running 
Mos.iif 


ftfi //u.ir7ie,\ dim Stanford (‘du 


Anc'nymous FTP siU' for Mac intosh software 


ft() //vvudff hive vvustl L'du 


Mirror site' lor many rn.ijor FTP sites 


ftf) //spec elink msfr nesri (]t 'v 
rjof/her //sf)(K (iink msf( nese ( >v 
telnet //^[^icelink rnsfc nese 
http //Sf7df Hinl- msfr nrisepov 


NASA Spar elm! sr )urr e for public 

r|i imam softw.ne relaterl to s<itf‘llit(* 
trackinrj and im,K](.'-viewmcj programs, 
as ss'ell ris m,iny cTher NASA ('durational 

mS' '1 ir f 'S 
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Books/Articles/ 
Other Resources 



Experience the Power: Network Technology for Education Video released by the 
National Center for Educational Statistics. Contact: National Center for Education 
Statistics, 555 New Jersey Avenue, N.W, Room 410 C, Washington, DC 20208-5651, 
Phone: (202) 219-1364; FAX. (202) 219-1728; email: ncerinfo©inet. ed.gov. 

FYI on Questions and Answers to Commonly Asked Primary and Secondary School 
Internet Users Questions by Jennifer Sellers of the NASA Internet School Networking 
Group, February 1994(Request for Comments (RFC) number 1578, FYI number 22, ) 
Details on obtaining RFCs via FTP or EMAIL may be obtained by sending an EMAIL mes- 
sage to rfc-info@ISI.EDU with the message body — 
help: ways_to_get_rfcs. 

The Internet for Dummies by John Levine and Carol Baroudi, IDG Books Worldwide, 
1993. An easy-to-understand c?irid entertaining reference, which is written for the 
beginning Internet user. Covers IBM, Macintosh, and UNIX computers. 

Global Quest: The Internet in the Classroom is a short video produced by the NASA 
National Research and Education Network (NREN) K-12 initiative. A copy can be 
ordered from NASA Central Operation of Resources for Educators (CORE). Teachers 
may also make a copy by bringing a blank tape into their local NASA Teacher Resource 
Center. Information on CORE and the TRCs is included in section 3 of this Chapter. 

Internet World. Meckler Corporation Westport, CT. A monthly magazine, whicli started 
publication in 1992 

Meteosat Images on CD-ROM. I986 I99I, Meteosat Data Service, European Space 
Agency Robert Str.5, D6100 Darmstadt, Germany (price available on request). 

Contains one full-disk infrared image per day, one visible image on day 1 of each 
month (at the same time as the infrared image), one water vapor image on day 1 of 
each month of 1991. Also included are images of the Blizzard of 1 993 over the east 
coast of the United States and images of Kuwait during the Gulf War. 

Sources of Meteorological Data Frequently Asked Questions (FAQI, by liana Stern, 

1 993. Available through Anonymous FTP to rtfm.mit.edu, from the files 
weather/data/part 1 and weather/data/part 2 in the directory 
/pub/usenet/news. answers. If you cant use FTP send an email to mail- 
server@rtfm.mit.edu with the following message as the text: 
send/pub/u senet/news answersAveather/data/part I or 

send/pub/usenet/news. answers/weather/data/part? (note, send separate email mes- 
sages for part 1 and part 2) 

Zen and the Art of the Internet A Beginner's Guide by Brendan P Kehoe, TPR Prentice 
Hall. Englewood Cliffs, NJ, I99T 
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Activities 




he following classroom activities 
are organised by grade level. 



Activities 



Using the Activities 149 

Imagery from Environmental Satellites 150 

Activities 

Grade Level 4-6 Using Weather Symbols 151 

Forecasting the Weather: Satellite Images & Weather Maps 161 

Grade Level 6-8 Cloud Families 171 

Cloud Identification 183 

Grade Level 5-8 Classification of Cloud Types Through Infrared APT Imagery 190 

Background: Clouds 

Comparison of Visible and Infrared Imagery 213 

Background. APT Imagery 

Grade Level 8 Right Down the Line: Cold Fronts 223 

To Ski or not to Ski 229 

Grade Level 9 Infrared and Visible Satellite Images 233 

The Electromagnetic Spectrum 

Grade Level 9 Understanding a Thunderstorm ■■ Development Through Expiration 242 

Grade Level 7- 1 2 Animation Creation 255 

Wherefore Art Thou, Romeo? 257 

Background: U S. Geostation.' ry Environmental Satellites 
Background: Hurricanes 

Grade Level 9- 1 2 A Cold Fiont Passes 265 

Will There be a Ram Delay? 272 

Seasonal Migration of the ITCZ 280 

Background: Intertropical Convergence Zone (ITCZ) 

Using Weather Satellite Images to Enhance a Study of 

the Chesapeake Bay , 288 



Using the Activities 




The activities presented here were developed by pre-college science teachers for use in 
their own classrooms. The contributing teachers are all participants in a NASA-spon- 
sored project to enhance science education through expanded knowledge of Earth 
system science and the use of satellite technology and remote-sensing techniques. Tf e 
NASA series, Looking At Earth From Space, was published to provide a comprehensive 
resource for educators who want to utilize data from environmental satellites in their 
classroom. Refer to me other publications in this series for additional information. 



These innovative activities reflect creative approaches to specific classroom needs, yet 
they have virtually universal application. The activities enable multi-disciplinary learning 
engage higher-level thinking skills, and present real-life applications. The activities sug- 
gest appropriate grade levels, minor adjustments for ability and time constraints will 
broaden their use 



We advocate the excitement that is generated by using ground stations in the classroom. 
However, the lessons can be used with the satellite imagery contained in this publication, 
and/or supplemented with imagery from the Internet. Many of the images that accompa- 
ny the activities have answer pages, that is, images with additional information to assist 
you with analysis. These images are all labeled with an a, such as image 1 and la. Some 
of the lessons hcwe visible and infrared image pairs (indicated by vand /]. See pages 94, 

95, and 1 92 for more information about these two types of images. 

Satellite imagery may be both a new resource and new frontier for you. The following 
notes should help 

■ The activities were developed by teachers from Maryland and Washington, D.C. 
and emphasize local weather conditions, topography, and in the one case, the 
home team. You are encouraged to make these lessons equally relevant for your 
students by substituting local scenery and focusing on weather (good and 

bad) common to your area 

■ You are encouraged to duplicate and use the wci ksheets and other materials in 
the lessons. Some of the illustrations will make effective transparencies 

■ Satellite imager loesn't always duplicate well. When multiples of the images are 
needed, copies : lade on a high-resolution copy machine (type commercial copying 
companies use) may prove adequate. Photographing the images in the book to 
obtain slides may be more effective than copying. Classrooms with ground stations 
and/or Internet access can print appropriate images in needed quantities. 

■ Tap local and electronic resources for support. Local Weather Service Field Offices, 
weather forecasters, and newspaper and television predictions can assist with and 
confirm your interpretations of the imagery The Internet allows access to both 
satellite imagery and experts who can help with image analysis 

■ The wearrier syrnfK.3ls an : c loud abt)i'. viations used in the ac'ivities are listed in the 
(jlossary <it tfie tiack of this public crtion 

■ Aconifilete cit^rticai of the references listed with individurri activities tan be found in 
rh(‘ hililiogrripfiy 
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Imagery from 
Environmental Satellites 



Environmental (also known as meteorological or weather) satellites are unmanned space- 
ships that carry a variety of sensors to observe Earth. Two types of meteorological satellite 
systems are used to ensure comprehensive coverage. The two types of satellites are 
named for their orbit paths — geostationary and polar-orbiting. 

Both types of satellites carry remote-sensing equipment to obtain visible and infrared 
images of Earth. The images can be captured and displayed with a direct readout 
ground station (direct readout is the ability to obtain information directly from satellites). 
Satellite images can also be obtained via the Internet. 

It is important to note that satellite imagery should be used in conjunction with other data. 
Satellite imagery was not intended to serve as either an isloated or comprehensive resource 

The U S. launched the worlds first environmental satellite, and continues to operate both 
geostationary and polar-orbiter systems Direct readout from U S. geostationary satellites is 
called Weather Facsimile (WEFAX). Direct readout from U.S. polar-orbiting satellites is 
called Automatic Picture Transmission (APT). Both WEFAX and APT* are essentially brand 
names, referring specifically to U.S. satellite data. Direct readout from other nations' satel- 
lites is correctly referred to as either geostationary or polar-orbiting satellite data. 



The following activities specify whether geostationary or polar-orbiter data (images) will 
be used, and whether visible or infrared images are needed 



* The terms WEFAX and APT refer to low-resolution satellite imagery. Fligh resolution 
(more detailed) data is available, but requires more expensive equipment than is usually 
found in the pre-college classrcjom 




figure 62 
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Using Weather Symbols 




Authors: 

Russ Burroughs, Harford Day School, Bel Air, Maryland 
Edward Earle, Norwood School, Bethesda, Maryland 
Sue McDonald, Canton Middle School, Baltimore, Maryland 

Grade Level: 4-6 

Objectives: 

Students will be able to recognize relationships between weather symbols and weath- 
e^r patterns indicated by satellite images. Note that clouds may indicate weather activity 
(such as a thunderstorm) but may be present without producing any such activity. 

Note also that forecasts are developed by assessing a variety of data it will be advis- 
able to utilize other data with the imagery (W and newspaper forecasts, information 
from National Weather Service and/or obtained from the Internet, etc.) 



Rationale: 

Students will gam experience in creating a weather map using satellite imagery, and 
will learn some of the symbols commonly used on weather maps. 



Relevant Disciplines: 

Earth science, language arts, geography 

Time Requirement: 

Ewo 4S-minute periods 



Image Format: 

GOES visible image 

Prerequisite Skills: 

Knowledge and comprehension of different torriis of precipitation, clouds, and fronts. 

Vocabulary: 

front, preci(:)itation, satellite imagery 



Materials: 

1 1 arcjC' classroom map of North America 

/ CjOES satellite image (photocopies or overhead) 

^ Cof)ies of weather symbols and weather symbols key for distribution 
■t U S rtiaf) with symbol keys 
'j Catecjory ch.ut (for symbols) 

/i Sr isvns and glue 




ctivities 

Day One 



! fdistiibute (nr f)rr))C'f t) the' s,itellite ii7i,u]e rind discuss the inform, ition represented 
on the imaije 

y I (M,l the ( l.iss in ,i disr ussion rc'rjrirdinrj thr' imfxirtrinc e of using we.ither symbols 
t Divitle the ( l.iss int- > rjroups of four, for (OOf)er,itive lerirnmg 
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4 Distribute the sets of symbols, and instruct each group to cut the symbols apart 
and categorize them into three groups. Each group of symbols should be some- 
how related, and should be given a name that describes its meaning or function. 
Each team of students will then present their three categories of symbols, and 
explain their reasoning for their classification. 

Day Two 

1 Divide the class into groups of four. 

2 Distribute the U.S maps with symbol keys, and the satellite image, 

.•i Groups will draw as many symbols on the map as seem appropriate. 

■! Eacti (jr(,-)up will complete five maps, one for each student and a combined group 

m<if) 

') Check work by having jigsaw groups, four members from four different groups, 
gathc'f to compare their groups weather map. 

Conclusion; 

[,)isfMay grou() wc'athcr maps wherevc appropriate 

Questions; 

1 Wfiat arc.' va' at)le to obseive from a satellite image ’ 

2 I low ,rie weattier symbols useful? 

^ H(.".v arc weather symbols categorized, and why';’ 

f 1 1( AV do we use wc’ather symbols to transfer what is observed from a satellite 
image enito <t weather map? 

Extension; 

fkive students develop or discover ottier weatfier symbols 

References; 

Afirens, Donald C Mctccrcicqy Today. An Introduction to Weather. Climate, and the 

Tnvironment 

Ci( )f.S s<itcllite imacje 
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Weather Symbols 
Classification 



Group Members: 



Category#!: 



Category #2; 




Category #3: 





o 

ERIC 



o 

sky, no cl 

0 

2/10 ' 3/10 cloudy 

3 



cloar sky, no clouds 



half the sky 
coverad with clouds 




complataly overcast 

• • 

light rain 



moderate rain 



heavy rain 



O 

sky. no cl 

0 

2/10-3/10 cloudy 

3 



clear sky. no clouds 



half the sky 
covered with clouds 




completely overcast 

• • 

light rain 



moderate rain 



stationary front 
cold front 



warm frortt 



K 



thunderstorm 
light snow 

A 

moderate snow 
heavy snow 



stationary front 
cold front 



warm front 



K 



heavy rain 



thunderstorm 
light snow 

moderate snow 
heavy snow 



O 

sky, no cl 

0 

2/10 -3/10 cloudy 

0 



clear sky, no clouds 



half the sky 
covered with clouds 




completely overcast 

• • 

light rain 



moderate rain 



heavy rain 

O 

sky, no cl 

0 

2/10 -3/10 cloudy 

3 

half the sky 
covered with clouds 



clear sky, no clouds 




completely overcast 

• • 

light rain 



moderate rain 



statinnary front 
cold front 



warm front 






thunderstorm 
light snow 

moderate snow 
heavy snow 



statiorwry front 
cold front 



warm front 



K 



heavy rain 



thunderstorm 
light snow 

moderate snow 
heavy snow 



fir)ur(‘ !^)4 Key W(Mlh(T sym[)nls (( opy kvys .irul rjistnt)Utr nn fj.iy two) 
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fiqure 65 GOES infrared image, November 5, 1994 

image courtesy of M, Ramarnurthy, University of Illinois, Urbana/Oian!j-,,n.ir 





figure 65a. GOES infrared image, November 5, 1994 

image courtesy of M. Ramamurthy, University of Illinois, Urbana/Champaign 

Information in addition to the satellite image is necessary to determine whether the 
fjrecif)it<ition is ram or snow, and how heavy the precipitation is (which symbol to use). 
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fiqure 66, NOM 10, March 29, 1994 morning satellite 

image courtesy of D Tetreault. University of Rhode Island 
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figure 66 ^^. NOAA 10, March 29, morning satellite 

image courtesy of D Tetreault, University of Rhode Island 
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Forecasting the Weather: 
Satellite Omages & Weather Maps 



Authors: 

Russ Burroughs, Harford Day School, Bel Air, Maryland 
Edward Earle, Norwood School, Bethesda, Maryland 
Sue McDonald, Canton Middle School, Baltimore, Maryland 
Linda Webb, Jarrettsville Elementary School, Jarrettsville, Maryland 

Grade Level: 4-6 

Objectives: 

Students will use satellite images and weather (outcome) maps to forecast weather for 
the Maryland region. 

Rationale: 

Students will be able to see the relationship between satellite images, weather maps, 
and forecasting. 

Essential Learnings: 

1 . Weather across the Northern Hemisphere can follow recognizable patterns. 

2. Satellite images show the movements of air masses that affect weather. 

3. Cloud movement and types are related to the weather in a region. 

4. The presence of clouds does not necessarily indicate any weather activity 

Relevant Disciplines: 

Earth and Space Science, geography of North America, matfi (movement measure- 
ments, scale, temperature differences), languacje arts (predicting and writing a we^ather 
forecast report) 

Time Requirements: 

Allotted 45 minute classes will t^e used as follows 

■ one 1 5-minute class 

■ two to three 30-minute classes 

■ one 45-rninute class 

Image Format: 

GOES and ,APT, visible images 

Prerequisite Skills: 

1 . Knowledge of weather symbols 

2 The ability to recocjnize clc;ud masses on a satellite image and assoc lated wecUlier 
maps 

i An understanding of the use of weathc'r instruments to c oilect datr) on 
temfX'rature, wind, etc 

Vocabulary: 

forecast, front, im.Kjery, pe'c if;itanon, stationary, temfrerature 

Materials: 

1 WcMthc’r mans from lot ,il faapc'rs (sever, il d,rys in suer ession) 

t'jors Of APT s.ttellite imacjes for tfie same d,iys ,is thc' ,u c cimul<!ted s'.r.itfic'r m,if)s 
T Student ma() of tfie United Statm 
4 Studc'nt we,)tfier forc’c.ist sfic’et 
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ctivities 

Day 1 

1 . Divide the class into cooperative learning teams of four students each. 

2. Distribute day-00 weather map and the matching satellite images. 

3. Compare the satellite image and weather map, and match features relating to 
cloud cover and weather events. 

4. Report team findings and discuss (whole class). 



Day 2 

5. Distribute day-01 weather map and satellite image. 

6. Compare the image and the weather map, and relate it to the previous day 

7. Record and report any differences. Discuss. 



Days 3-4 

8. Distribute the third set of weather maps and images. 

9. Compare them, and report any differences. 

1 0. In individual groups, look for patterns that are occurring on the maps and images 

1 1 . Discuss as a class. 

12. In teams, use the patterns from the maps and images to predict the weather for 
the next day. 

13 Each team member completes a weather map and forecast for tne next day 

14. Share and post forecasts and maps. 

1 5. Use a satellite image and weather map for the next day to compare the actual 
weather to the forecasted weather. 



note: Daily comparison of the images and weather maps could be done in one or tvi'o 
40-45 minute classes instead of daily, for four or five days. 

Questions: 

I How are the satellite images and the weather maps the same? 

2. How are temperature, clouds, and precipitation related? 

3. How does the movement of cloud patterns help us to find weather fronts? 

4. How did the satellite images and weather maps change each day? 

5. What patterns could you find in the changes each day? 

6. How can finding these patterns help us to predict (forecast) the weatfun ? 

Extensions; 

1 Continuation of daily weather forecasting from maps and images by eac fi grouf) m 
rotation. 

2 Exploration of the factors that might have caused the forecast not to matr fi the 
actual weather. 

i Investigation into weather forecasting history, tools, benefits 

References: 

Afirens, Donald Meteorology Today: An Introduction to Wcattitx Climate, and tnc 
Environment 

Berman, Ann E. Exploring the Environment Through Satellite Imagery 
For Spacious Skies Sky Watcher's Cloud Chart. 

Summary of Forecast Rules by Cloud Types 
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figure 67. 




figure 68 GOES image, April 1 1, 1994, 0900 CDT 

image courtesy ofM, Ramamurthy, University of Illinois, LJit)ana/Cham[)<ii(.jn 





figure 68a, GOES image, April I I, 1994, 0900 CDT 

image courtesy of M. Ramamurthy, University of Illinois, Urbuna/Chrimpuign 

Old storm is producing rain. Arrows ir.dicate wind direction Imriges I -G for this ac tivity 
appear in the chapter entitled Weather Systems and Satellite Images ris figures /7c. 






716 . find 27f ipages 40, 41, nnd 43), 

ficjurv 69 GOES imjcjc, Af)ril 1 2, 1994, 0100 CDT 

iin.uji' c tn;fU'sy of M Rnmctfiujithy, University of Illinois, Uihnri. i/Oi.imp>ii(]rT 
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heavier rjin 

low yesterday low today maybe thunderstorms 




ficiuieh9<) C30ES image, April I?, 1 994, 0 1 00 CDT 

image (ouitt.'sy of M R.rmamurthy, Univt'isity f,if Illinois, ( Jihana/Chrunpaign 

(. rrmfraie f nr itn m (9 li )s\' arii I r < i|g (font to then h k , lin n ,s ' 'O A; I’ri ] ; .N'ote Ittal storm 
IS st'ori. jtfiening anrl moviMi j f s-a 
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figure 70. 



GOES image, April 14, 1994, 0600 CDT 

image courtesy of M, Ramamurthy, University of Illinois, Urbrina/Champaign 
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figure 70a GOES image, April 14, 1994, 0600 CDT 

image courtesy of M Ramarnurthy, University' of Illinois, Urbana/Champaicjn 



Notn th.it the vvtvither is clear nvc'i the fastem Unitc-rl States, atirl that the storm is ijone 
1 l.i'.v stuhi 'iits cletennine loc ation of tfie losv on Af)nl I i H.ive students comfrare ttH' 
s :t .ilioi 1 (,)f the loss' in tt ns fujutr' ss ifh I hie lot , it ion of the i litl storm '^'u l.iy I |Af ml 1 1 1 
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Cloud Families 




Authors: 

Angeline Black, Kenmoor Middle School, Landover, Maryland 
Renee Henderson, Forest^ille High School, Forestville, Maryland 
Karen Mattson, Ballenger Creek Middle School, Frederick, Maryland 
Allen White, New Market Middle School, New Market, Maryland 



Grade Level: 6-8 



Objectives: 

Students will be able to: 

i Identify and describe the four major cloud families high, middle, low, and 
vertically developed; and 

/' Associate cloud families and satellite images with d<iily weather patterns 



Relevant Disciplines: 

Eafth and space science, meteoioioqy, f^hcitography, art, rcjmputr'r scierxe 



Time Requirement: 

/’-4 class periods 

Image Format: 

APT and GOES 

Prerequisite Skills: 

Students should be able to 

1 Identify cloud families they can see from th(' ground, 

/' Identify cloud families from visible and infrr>red satellite images 
-! ick'ntify typical weather <-issociated with cloud families, 

4 Operate a camera, and 

‘j Access a satellite image from the- compLitt'r ftank 

Vocabulary: 

.iltr.i. Cirrus, f umu! ’riimf.)us, ; umulu'>. -aratu s 



Materials: 

I T'jrnm Crime ( tr anrl/o: Polaroid t amma 
P Satellite cloud identification tdiait 
^ f’oster t)oard 
I Construction pa()('r 
') Glue, scissors, cottc \ m.irkers 
r. Satellite imacjes ■ conifiLder bank 
! Ptiotos of clouds - camera or marirVinec 
M Telex < ir slides of .atellite imar |( i/i ) 'i an nai 
') Worksfieet 1 f,uvi'irs 

Preparation: 

ftefore tn'cjinninij the student ar tivities the tear her sin a ml 
I Ofttain visif,)lc' aref irifrared satellite imacjes (afiout pni liiustr. iim, j ,i v,' irty 
aiiddir Im jh ii id \'( a ti( , illy d( •veloped r I u ids 



2 Organize rncUerials inro stations: 

a. Computer with software and stored images, 

b, C<imera to photograph images once accessed. 

c Camera to take outside photos and/or magazines <is souri as nf cloud photos; 
d Materials to assemble display: posterboard, glue, sussois etc 
e Vl itenals to create J-D clouds cotton, glue, 
f Reference materials cloud charts, weather maps 

Note th<it current c(;nditions may be cloudless or offer only uninterestin(.j clouds 
Also note th<it morning ancJ afternoon sessions may observe very diffc'rent type's of 
clouds Cloud observation schedules should be sensitive to these coruerns: recjcmin 
st idc'nts to observe clouds cvirly in the morning rincJ before' sunset ran offset fue' 
di(,taf)le daily flatter i ,s 



ctivities 

I , Take students outside to discuss, vie'W, and identify current r i. ),,d fr am, it,' a', 

Review weritfrer associated svith the currc'iit formaticai 
7 Revio'vS cloud f.tmilies via satc'llite initigc's usint, slides or teles 
T Rc-view direc.tions tor <issignment ■■ sc-e Cloud Families vvorksfu-et 
-I Divide students into groups of four (coopc'ratrvc' leaininij (jK'up'U' 
j Day I: tbive students plan/outline in thc'it (jiou(,is hO'.c tl'iev' 0 .;!l or gar we 
( loud f, imil'c's (c hrirt, f;ook etc I 

6 Day 2: Orcj.ini.^e cjroups into rot.itinc] st, itu ms so ttiat e. ic h ( jn h ir > h r , <r ' , s m >i ;rii 
to access materials for e<K:li activity 
; Day 2-4 ; Hr‘VL- (. jfULif^S fotcltc ‘utJtK. ’fis cUia CUflif cU, UVilir'i 
8. Final Day; c:jfouf)s f,)f(^;'nt int'ir Iimj! 

Questions: 

I Wfic-U ( l( )i i(j iVfH' vM. )Nl(i [)i ■ <issi )(. o.jf^( Jrf •’ 

-vVf nil (. i()LT(l t\ r, uP of kv ( 

Wf n U C i! ’I .( i [yl H ‘ I', . ^'vS(,)( !. j itf i f. Mr u !ti HM ' 

‘t (, V tmp. K( */( ( M itM Msi . ^ S, ' IHM M.jt,' , 1.n( ] (jfc.u.jf'lt 1 Mr M u |r wf Pn ■ • ■ p 1 

Extensions: 

I fu'(]uifr ! )jf U:^. ili ]■; Irr lo 1 ik ( k c a j f. nriilK ‘S int; ) ‘.()t m :f:( < j: i r\ ; n ■ , 

/’ Ac If 1 { k H j( J \yr '\ m )is is .mi , irlr j.'tic )Mi il ick’rrtitKM in If H ‘ .u tis'iiv 

‘ f' ' 'ml K k ' )( )t-. Mn f( s i! f k »tn ; mkI r(.>(. nfd (k tln'i n^'' rfHMr < ik m jd ( » s ” ' ■. . t ' r o ,♦ m 

( i' HM i ( f I* r ts - M :d f :< MvM ' Studcf ifs ( ( )fp[ Tjfr | )ff '\'|( )US \ P, M i M M 'f 'f V p. ■, r 



References: 

I f ir[ )i, nMPTSi,'. \ ii w ( )ri!/f 

( i, n t j, ■, ,1 , , . , J , ,, f, 



Cloud Families 
Student Worksheet 




bjectives: 

1 . To identify cind describe the four mc^jor cloud families high, middle, low, and 
vertically developed 



/ T; ronstro(.t a display identifyinc] cloud families 




riteria: 

I F-u \) vViil f.OMStruct a displr^y identifying 

fn'drlle, luv., and vertK . illy developed 



the maj(a 



)U(i f. imitK.-^, hi( 



['a.' f i iL.'d family mi.ist include the foiloevir^g 
1 ( laud fc^mily name 

: : l'n(atf.) (■)' macjcVine [Picture of each cIcxjcJ Timily ilfi '-m f ant”) kn k'uj u(a 

( Satellite ifhacje of ecUdi cloud family vvith the cloud identified ifrc.)!)] sf)<ice 
i( tncj down) 

• : A [;fief descnption of each of thc^ cloud families tfiat ifx lodes tyi'Kai aa/atht- 

assoc. laied vVitfi tfx* cloud family 
,A or) (jf eat h cloud fcunily usiraj cott-. >n 




^ ! ( i( t ) di iiok ly f Ta,.iSt 

a f^.e lillecj 

I iave cjroUf) mc'aifjtas identific’d 
Re af ( cxate 
: R- r 'eaI/( > .m< -dui 



samo e k a:;at 



Location 


Cloud Type 


Description 


Satellite Name 


Ground Image 


3 Dimensional 


Type V .ather 


High 














Middle 














Low 














Vertically 

Developed 















lii 








k 







little thunderstorms 




fifj'i'c / 1,1 NOM 10 M.irch^B, 1994 

iir ujf r ( ' 'f G Ok'SU’I, Sniiths'iMMn InMitulii 'i> .‘Mh- M I in'.'i. 

f’i, II V't, ifi; jm 






fu)wf( /Ih NOM 10, M<^rch;^8, 1994 

Cfuirrosy of G Chester, Smithsonirin Instituti.^n A|[)rft ! \r.^ .n 
PlrU^eMnum 






7/* NC VVX 10, W(^rrfW9, 1994 

ir)M. ‘ r ( Mjr’f *\y nf (j litf IM'ir i Ifvjtfi u )1^^ rr'i',t< 

[’I.lf U'l. 'filifV! 




J 
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Tmui edcjes of thunderstorm 



fiOnrc N( )M 10 Meff hi /h 199-1 

ifV'fKjt* ( ' 'Ufft‘sv ' 't hi r f'u'sfj.v, SmithsrHiir^n (fr^titut'^^fh Aih^’rt f insK’if ' 
[M. U U 't’ /Ul 









figure 7 ^ NOM 1 0. Jnnu.ny 1 0, 1 994 

irTirK.jC’ c ou^tcsy ' 4 u r 'mum jtion 

PlcinrftViur'i 




1 7 9 




figure 7 NOAA 10. Jnnuriry 10, 1994 

ifTirKje c cnirt('sy (^f G Ch('St('r. SmiffTSc^niun Institufu'^n Ait^rrt f 

fi'lririurTT 
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fKjurc 74,) NOM I 1 , M,)y ?1 I9‘;7 

im K jt ■ r ( Hjf I 4 ( [i.ivi' H )f’i| ■; ,ti 1 
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Cloud Identification 




Authors: 

Angeline Black, Kenmoor Middle Schcol, Landover, Maryland 
Renee Henderson, Forestville High School, Forestville, Maryland 
Karen Mattson, Ballenger Creek Middle School, Frederick, Maryland 
Allen White, New Market Middle School, New Market, Maryland 

Grade Level: 6-8 

Objectives: 

I Students will become familiar with dentifying clouds on satellite images 
'? Student will be able to predict weather using satellite images, weather maps, and 
other weather data over a series of four days as a low pressure area passes north 
or south of two predt'ti’rmined locations 

Rationale: 

To associate' cIolkI tV(X's arxl s.it"llit(' imacjcs of clouds with daily worrthc'r patterns 

Relevant Disciplines: 

Fiirth ancl sf^ace science, mc'tc'orolocjy, (omj)utei science' 

Time Requirement: 

One 40-')0 minute' period 

Image Format: 

AFl 

Prerequisite Skills: 

Students should be able to 

I Identify cloud types thc'\' corr s('e from tfie s.rtellite imai j('s, 

? Idt'ntify typical weatfier <issociat('d with cloud type's, 

^ Acec'ss a sate'llite imacjc' from the computer bank, and 
4 Identify cloud ty()c's associated witfi fronts 

Vocabulary: 

,iir fjee'ssLire' (millitxrr/ine hc'S), clouds (alto, cirrus, c emiulon'intxis, cLimulus, nimbostr,itus, 
str.itus), (Old front, e'rrrsion, fjre'C ipitation, station.rry frord, tem(X'rrrtL.,-e', 'vCrirm front, wind 

Material;. 

I Sf'ric's of sate'llite iri’acjes for four < 'oser utivc' days storc'd in <r comfsutc'r bank, or 
pr u,d(,xjra()hs of visible' rind infr.irt'd Srite'llitc' imrU]('s bu four ceanst'cutivc’ driys 
/ rie.iud ide'ntific.rtion r fi.ut 
f Cloud IdvntitiCcition student wcjrksht't't 

■1 Newsfxipe'i we'.r’fiei ma()s tor four c r insr'c utive’ days or , i video of four c 'mse'cutive' 
d. lys 1 'f wcr 'flier maps from thi ' W'( '■ ''hr 'r C fi. irinel 

Preparation: 

nc'forc' betjinninej the sfudf rit activities th>' iristructor should 

I ( ibtriin visible' .in I infr.iied s.ite'llite' iriirUjes tind ni'v, sfi.ifie'i or ti'le'vis.on we'athi'r 
m.ip' on vide'o I r four c onsc'c iitive’ days b"' im.icjes and we trtir'r majis sfiould 
sliow ri tyfiir ai omrn,i e loud forrivUion, and 
/ I r'l.r'l ( lint A to the' north of the low pre'ssure' are'a ori the' imacjC's and mrtps, and 
labt'l point B to the south of the' low (pressure' are'a on tfie itrirUjes and maps 

m 
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ctivities 




I With student discussion, the teacher will model the current day's weather eiativr 
to the previously identified locations (point A and point B) 
a Display the satellite image of current day on the overhcad/computt^r sc rtrr^ 
t) Discuss the current days weather associated with cloud typi^s 
c Rel<ue the current day's newspaper or a video of a television we«uht^r t- - 
\nv satellite image 

/ Divide stucJc’nts into groups (cooperative learning) 

^ rjiste[)ute CtOLJd n worksheet, review ttie clirc‘C tioi . rtnci I . *'.'e ■ t. j > ^ ' 

( )m()i('ce the vvorksix'et 

a 1 )iscuss (tnd draw' hypothesis atx)ut four consecutive' eJavs ( a satellite insnu ■ 

1 I lave* thc> c louds riioved^ 

.■ f c louds dissipateci or h.vc* more c louds dev(‘lop< ‘(D 

^ What kinds of clouds arc* at f)oints Aand 

•1 Wfi<it of wc'<uher currc*ntly exists at points /\ and 

1) I )istntKJte wea‘hc*r mtips or show weather rinaps s,iv(‘d on vidt*o for *{ n j . r', 
o'u.itivt* daw How doc*s tfic* acc..al wc.vnher ^elate to ye^iir fiypt 'tf H'S.\ .\ee*: 
\o^. dr>(usst*d t^'K* sateilitt.’ images^ 

I f love stude^ns, workir)cj in cjrou(.)S, com()lere the Cloud k^onti^uiiiof'i i*o,er • 

d ; )r-.' iss trends (d)Sc*rvc*d over tfie fc^ur cons* utivc' days tfi<K va'fe > )|:.ce* *r:i ' 
salt ^'lre in ipf s .md on tfu' W'eather rnaps 

t’ /V, a f ass, reviev, f.)osMt c* rc'SfXirnses to tfu' W(xksfi(*et 

Extension; 

f hiS tU ti\ its' ( an [)e ( om()let(‘d in t o( ipt ‘rcUive- cjn.vjps or r is a v. he )Ie ( ;,is'< - i // - ^ ■ 
'ome tear hns r7)ay ward stuck'nts to write tfU'ir rc‘spons(*s tor (jraried eva:.:,at! ■*'■ 

I >' 'u are ,1 farfner iivirxj at ))Oint B 

e Moss we-olfi tfie wcMther a^erf your crof)^ civer the f'»ur 
i > W^ -uid voi I In* cone cornet . at)(.)Ut surfac e ^ *msion ( >f yi ujr fn ids ■ - , ( * • 

f ’*./ da', f)(vi(}d '' Wfiy or w fiy n(.)t'^ 

* II''/. ■o.''ould your farrTiirdj tv ' afy -c te(h’ 

■I ( I )aM.vV on; jsf the affr 'f ts of the' s\e ither on fa' a* i ^ A ar • ; f- 
V ' - *e uivnnirx j a : am()ing trip U ' f)oint A 

■ ' Whir 0i day w< )uld t)f' tfx.' tx'St fr 'r yoi rn; i ■' 
t ' W'l 1, ' Mf f if )tl iiru ) shot jlrj yr m i 

' fl'.y '■ Jd If Of iifV .r trjties (h'hrv I sleepiOt ; . > .i ► ,e. I ■* ■ *• ; 

d < t ‘f ■ 'p, j'n S I 'Mfv 1 sr if '^ A a^lf 1 fh »S 'JV fo' a c r "m; )ir ; 'v; ^ t 'iv f <0 . r. ff u > . .•' 

References: 

' K in } j( )< ‘f Ififil . ifl( if oO ,, H \\ 

I h* ' .Vf Iff H'f 1 Is vif lel 

I I >f al ( )f f iafi' '0( il f K ‘W'Sj )f u 'f s 
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Cloud Identification 
Worksheet 



name 



Point A 



Point B 



DAY1 



DAY1 



Cloud type: 



Cloud type: 




Weather conditions: 
precipitation: 
wind: 

speed/direction: 
front type: 
temperature: 
air pressure: 

DAY 2 
Cloud type: 

Weather conditions: 
precipitation: 
wind: 

speed/direction: 
front type: 
temperature: 
air pressure: 

DAY 3 

Cloud tyf e: 

Weather conditions: 
precipitation: 
wind: 

speed/direction: 
front type: 
temperature: 
air pressure: 

DAY 4 

Cloud type: 

Weather conditions: 
precipitation: 
wind: 

speed/direction: 
' front type: 
temperature: 
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figure 75v. NOM 10, March 28, 1994 

visible image courtesy of G Thester, Smilhsnin.in Iristiruticjn, Albert f instein 
Planetrinum 

Note See figurr' 7 hr (fj.ifjt' I /S) for eflrlitinnel infoim.itM m ,it)( mt fi()iiK's /Sv erul 7'>i 
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figure 75i NOAA 10, March 28, 1994 

infrared image courtesy of G Ch(>ster, Smitfisonian Institution, 
Albert Einstein Planetarium 
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fiqurt' 76v, NOM 10 M,irch 29, 1994 

visible imeqe courtesy of G Chestei, Smitfisoni.in Institution, 

Albeit Einstein Plnni'tnrium 

K’( 'ter to fi( juie /2,i, f)U( |e I /8 for udditK mel infer metu m .it h u U h tins im, ujc 



Ret ('I men ef s.itellile im,u)(>s is often .ifferted by lec.il seurtes (d 'oferftm'ni e-- 
noise ( fn S.itellite im.uies, mteiferenre tyf)ic ,illy .if)pe,us ,is fieii/enl.il stupes, ,ts in 
this iftu(j(' ( I iinmen seurc es (d interference ere fieusi'field . ip(.di,ir'ic es, mi..)ters 
(lie.itinq .ind ( etdinr |, v.ir uurti ( ksiners, etc ), r.idie ,ind eirc r.ift tr.insmissier is, 

. luti Kiv ilr'' 's, end fli jr iresc ent lie [fits I tie t iicjtier the fr('(]U( 'I'lc y, the Ir 'ss susi c 'ptit )le 
till ■ rec ( 'iviru j eqi iij in 'er it is to m use ' jr jr rd, i(m ir i, iiy rer r ilir ir i is less , dtr s ted 'tien 
1 1‘ u.ir ( iiliitinr) s.Uellite rec efdic m| 
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fiqure 76i NOAA 10, March 29, 1994 

infrared image courtesy of G Giester. Smithsonian Institution, 
Alt.)(.‘rt funstein Planetanuni 
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Classification of Cloud Types 
Through Infrared APT Imagery 



Authors; 

Stu Chapman, Southampton Middle School, Bel Air, Maryland 

Bill Davis, DuV al High School, Lanham, Maryland 

Tony Marcino, Margaret Brent Middle School, Helen, Maryland 

Grade Level: 5-8 

Objectives: 

Students will be able to: 

1 . Use statistical methods to analyze and display direct readout APT infrared (thermal) 
imagery; 

2. Communicate experimental procedures through mapping and computer simulation, 

3. Classify clouds into three types according to the altitude of the cloud tops using 
infrared APT imagery photographs, and 

4 Use cloud classification data to predict possible locations where precipitation may 
be forecast. 

Science Thinking Skills: 

Categorizing, classifying, constructing, contrasting, decision-making, defining, describing, 
discussing, generalizing, identifying, identifying the mam idea, justifying, observing, orga- 
nizing, sequencing, summarizing, visualizing 

Relevant Disciplines: 

Earth and space science, geography, matheniatics, art 

Time Requirement: 

Three science periods on successive days: 
day I - warm-up exercise, classifying clouds 
day 2 - classifying clouds on infrared APT images 
day 3 - simulating computer imaging software 

Image Format: 

APT infrared imagery 

Materials: 

1 . 35 mm slides depicting at least nine major cloud types. If slides are i.navailable, 
substitute textbook pictures. 

2 Four to five sets of cloud cards displaying various cloud types and classifications 
(pages 199-201). 

3 Student worksheets and Cloud Type Survey, U S. outline map, one student scanner 
map, and the computer simulation worksheet, all enclosed 

4 APT groundstation(s), images obtained via internet, or photographs of satellite 
images. 

5 One infrared APT image of the local geographic area - large enough to display 
to the whole class - which clearly displays local topographic surface features 
(such as the Great Lake's), and all three of the major cloud types as classified by 
height 

6 APT infrared images - at Ic'ast three per group - showincj rit Icvist two of the major 
flood types (high, middle, low) These may be supplied on disks for availattle 

cj. ound sLrtions, or as photographs of Sritellite irTviges 
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Preparation: 

Prior to the first lesson, divide the class into cooperative working groups of four or five 
and have each group cut out a set of six cloud cards (included). Each card will display 
the following information: 

1 . Picture of the cloud with its name 

2. Altitude range (0-2 km, 2-6 km, 6-12 km) for each type - some altitudes may be 
supplied in meters or feet to encourage student conversion of units 

3. Composition of the cloud (water, water and ice, or just ice) 

You may want to add to the cards provided by making additional cards for altostratus, 
altocumulus, cirrostratus, cirrocumulus, and nimbostratus. 

Reference: 

Berman, Ann E. Exploring the Environment Through Setellite Imagery 
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Background: Clouds 



Clouds may be classified by shape, content, or cloud height For day I . students will 
classify clouds by height, based on the appearance of cloud types in the polar-orbiter 
imagery. Infrared imagery is thermally sensitive, so areas of different temperatures dis- 
play as different intensities on a gray scale (white is colde.st, black is warmest, middle 
temperatures are shades of gray). 

The two basic shapes under which clouds may be classified are. 

stratus - layered and sheetlike and cumulus - puffy and heap-like 

Many clouds exhibit combinations of both traits. Cloud content may include water 

droplets only, a mixture of water and ice, or just ice. Cloud heights are generally 

described as low (under 2 km), medium (2-6 km), or high (6-1 2 km), these are aver 

age cloud heights for the mid-latitudes. 

The temperature of the atmosphere generally decreases with height. The rate of 
decrease in air temperature with elevation is called the environmental lapse ■ ^-ite An 
average value for this lapse rate is about 7 degrees Celsius per kilortieter The direct 
relationship is adiabatic (page 48) — moisture helps control and decrease temperatuie 

In an nfrared (thermal) image, temperature provides a quantitative measurement of 
cloud top temperature with the coldest areas appearing to be the brightest. L.ow-level 
clouds, which are closest to the ground and therefore the warmest, appear dark gray 
and may be hard to distinguish from the ground. Mid-level clouds appear in medium 
(brighter) shades of gray due to their cooler temperature. High level clouds, the (.old- 
est, appear very pale gray or bright white on thermal images. 

If you have an APT groundstation, you may wish to demonstrate how image process 
mg can be used to help identify areas of differing temperature, Eacfi pixel in the imaeje 
represents a temperature value. Stretching the pixels (increasing the contrast) will m.ike 
temperature variations more discernible. Students can readily see how the tops of 
cumulonimbus clouds appear dark on a white background, though they would 
appear all-white without the software manipulation of the image 

figure 77 



12 km 



6 km 



2 km 



High Clouds 

These clouds are generally found between 6 and 12 kilometers Composed primarily of ice. they 
appear bright white on infrared imagery. Two examples are lowering cumulonimbus and cirrus 
Cumulonimbus appear as bright white splotches and are often associated with thunderstorm 
activity. Cirrus clouds appear as bright while streaks as if they had been painted by a brush 

Middle Clouds 

Heights are generally between 2 and 6 kilometers. On infrared images, they appear as a lighter 
shade of gray than the surface or low-level clouds. Two examples are a"ocumulus and altost- lus 
The former will have a mottled texture while the latter will appear more sheet-like Bo aware that 
the middle level clouds are usually the hardest to determine because they are often shielded by 
higher level clouds 

Low cloudr 

Heights generally do not exceed 2 kilometers Two of the lowest clouds are stratus and fog On 
the image, they appear a uniform dark gray shade and lack any texture Often they are tiard to 
distinguish from the ground because of similarities in temperature and the resulting simii-uity nf 
tt e gray shades 
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Classification of Cloud Types 
Through infrared APT Imagery 




ctivities 

Day 1 - Warm-up 



Explain to the students that you will be assessing their prior knowledge of the charac- 
teristics of cloud types. To do this, you will show them slides or illustrations of various 
types of clouds. Be sure not to present the clouds in any sort of order. Describe each 
cloud as you present them with pfirases such as "puffy or hcap-like" for cumuliform or 
"layered or sheet-like" for stratiform clouds. 



• After all slides have been viewed, assign each cooperative group to a workstation 
and distribute the set of index cards with the cloud inform<it!on Instruct students to 
classify the cards into avo or more groups, based upon criteria they choose, 

• After each group has cotapleted their classification, h<ive tfiem ski.trc' their classifica- 
tion criteria with the class. 



• Have studc'nts answer the first two gucstions on the workshf'et, CUissitying Cloud 
Types Through Infrared APT Imagery After they have answered questions (1 ) and 
|2), explain to students that they will classify clouds on the basis of their cloud 
fu'ight because the imagery provides temperature information winch is directly 
related to cloud height. (Cloud temperature decreases as the altitude' inc rt'ases.) 




To sec' how the temperature varies with cloud height, risk students to use the stan- 
d<rrd atmosphere data provided on their worksheets to make' a graph of the 
decrease in temperature with altitude. These temperature differences can be 
detc'c ted on infrared pfiotographs. They should sketch the different cloud types 
found in each of the three layers, described as sirTtply low, mc'dium, or high on 
thc'ir Cloud Type Survey Their completed sfiould resemble ficjure I 



Display one' infrared APT image - large enough for the entire class to see - tfiat con- 
tains c..'x<tm()les of all three cloud types ris clrtssified t)y height 



Point out the rc'latively dark and warmer surfaces aloncj with the familiar gc'ographic 
feature you've includc'd (sue ti as tfie Gic.'at Lakes, Oiesapcvikc' Bay estuary, or tfie Brija 
peninsula) If you are workinc] with an invicje at an <ictive (jround station, use' the' 
im.Kjincj software' to revc’cil surfrice' temperritures at varioi.is points on the' iriiacje' Tlic'n 
f)oint oLjr tfie' lo'vV. mitJdle'. .ind hicjti c loud tyjn.'S .rnd their le'sultine j appearanc v on APT 
infrare'd im. u ji 'r / 




( 
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Day 2 - Classifying clouds on infrared APT images 

For procedure, see student worksheet entitled Cloud Classification For the answer to 
question I , see I st paragraph of Background: Clouds 

Day 3 - Timulating Computer Imagining Software 

Procedur? on Day 3: Activities, student worksheet titled Computer Simulation, and 
student scanner map, included. 






I 
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Classifying Cloud Types Through 
Infrared APT Imagery 




ERIC 



name 

Your teacher will provide your group with a set of cards containing information about clouds. Lay each card on the desk. 
Look at the illustrations of each cloud and the information contained. 

1 . Divide your cloud cards into at least two - or more - groups based on the inforn:atirr and pictures with which you have 
been provided. Give each of your cloud-groups a name. How did your science group classify the clouds? List each 
group and describe how your group made its decisions, 



i 



! 

I 

I 

I 

j 

2. Name some other ways that the same clouds could have been clasi'ified. Do you think any one way of classification is ! 

better than any other? Why or why not? j 



i 



i 

I 



3 The temperature of the air in ttie atmosphere changes with its altitude above the surface Your teacher will provide you 
with a worksheet entitled Cloud Type Survey To understand how this change occurs, plot a g^aph on the worksheet that 
indicates air temperature at several different altitudes, Assume that the temperature of the surface is about 15 degrees 
Centigrade (about 59 degrees Fahrenheit) Use the data provided m the table, standard atmosphere, altitude and 
temperature, to plot your graph 



name 



altitude in meters 


temperature' 


0 


15 




1000 


, 8.5 




2000 


2 




3000 


- 4,5 




4000 


11 


1 


5000 


-17.5 


i 


6000 


- 24 


i 

1 


7000 


-30,4 


T” 

1 

U- 


8000 


- 36.9 


i 


9000 


- 43.4 


h" 

i 


10,000 


-49.9 


! 


11,000 


-5(.4 



Table 1. standard atmosphere, altitude and temperature 

3a. Using the graph you have plotted, estimate the temperature of the air at each of the following altitudes: 

a. 6,500 meters 

b. 9.5 kilometers 

c. 1,250 meters — 

d. 0.5 kilometers 

e. 1 mile (5,280 feet) [1 meter = 3.28 feet] 

4. The Earth's atmosphere is believed to extend to about 120 kilometers (120,00(.' meters). Using the graph you have 
constructed, explain in your own words how the temperature of the air is related to the altitude, {hint: Do you have 
enough data from your graph to answer this question with certainty?) 



5 On the left-hand section of the Cloud Type Survey, sketch at least two of the different kinds of clouds which can 
be found in the low. middle, and high levols of the weather producing part the atmosphere (the troposphere) 
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name 



Cloud Type Survey 




20 temp C 



Cloud Classification 





Your group will be provided with two or three polar-orbiting satellite 
images and a corresponding number of US outline maps. If you 
have a ground station, your teacher will help you locate images 
stored on the computer. Use the following criteria to help you in 
your classification of clouds. 



12 km HIGH CLOUDS 

These clouds are generally found between 6 and 12 km. They are composed primarily of ice, and 
appear bright white on Infrared imagery. Two examples are towering cumulonimbus and cirrus. 
Cumulonimbus appear as bright white splotches, and are often associated with thunderstorm activity. 
Cirrus clouds appear as bright white streaks - as If they had been painted by a brush. 



MIDDLE CLOUDS 

6 km Heights are generally between 2 and 6 km. These appear as a lighter shade of gray than the surface 
or low-level clouds on infrared images. Two examples are altocumulus and altostratus. The former 
will have a mottled texture while the latter will appear more sheeMIke. Be aware that the middle level 
clouds are usually the hardest to determine since they areoften shielded by higher level clouds. 



2 km 




LOW CLOUDS 

Heights generally do not exceed 2 km. Two of the lowest clouds are stratus and fog. On the infrared 
Image, they appear in a uniform dark gray shade and lack any texture. Often they are hard to 
distinguish from the ground because of similarities in temperature. 



a. At the top of one of your outline maps, write the name of the satellite and its pass date - information 
shown on the computer screen or provided by your teacher. 



b. 

c. 



d. 



Work with your group members to determine the positions of low, medium, and high clouds on the image. 
Use a color code and color in portions of your three maps as follows; 

dark color low level clouds, identify them by name on your map 

gray mid level clouds, identify them by name on your map 

red or yellow high level clouds, identify them by name on your map 

Repeat this process with each map and image. 



I 




1 . In this activity, clouds are classified according to height (low. medium, high). Why is this classification method used 
instead of another? 



2. Are there any areas on your maps where precipitation may be occurring? Which map. and in what states? 
How do you know? 



3. Sometimes the Images can be processed by computer software. One of many possible enhancements of an image is 
called Btretching (increasing pixel contrast). You have probably seen stretched cloud images by a weather forecaster 
on television. To illustrate the process of stretching, choose a colored pencil which has not been used in your color 
code, s ’ch as blue or green. On one of your maps, color over all of the mid-level clouds with your blue or green pencil. 
Using the graph you made yesterday, what temperatures correspond to the areas that you have stretched? 




« 
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Name: Cumulus 
Altitude: < 2 km 
Composition: Water 
Temperature: 5° to 15° C 



Name: Tog 
Altitude: < 5000 ft. 
Composition: Water 
Temperature: 10° to 20° C 




Name; Stratus 
Altitude: < 2 km. • 
Composition: Water 
Temperature: 5° to 15° C 




Name: Cirrus 
Altitude: < 6 km. 
Composition: Ice Crystals 
Temperature: -50° to -60° C 
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Name: Cumulus congestus 

Altitude: 6 km 
Composition: Water 
Temperature: -10° to -20° C 




Name: Cumulonimbus 

Altitude: 12 km 
Composition: Water and Ice 
Temperature: -50° to -60° C 
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Simulating Computer 
Imaging Software 





ctivities 



Day 3 




O 
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In this exercise, the method for producing a satellite-generated image will be studied 
The concept of computer enhancement will be introduced, but instead of using a 
computer, the student will generate an image on a piece of graph paper superim- 
posed upon a map of the eastern U S. seaboard. 

Students should imagine a broadcast of infrared data from a NOM satellite oit a 
descending orbit from the North Pole in the morning hours. An area is observed by the 
satellite as a series of temperatures, the information is encoded, and sent as radio sig 
nals. When the signal is received by an Earth station, the radio signals are decoded 
and displayed on a computer monitor. The image (this is not a photograph} produced 
IS <ictually made up of thousands of tiny sc]uares called pictLire elements or pixels 

Each pixel is assigned a number value between 0 and 2E5 The number assignments 
are determined by the temperatures that were measured by the NOAA ‘atcMIite sensi rrs 
during its pass. In this system. 

0 represents pure black (warmiest) 

255 represents pure white (coldest) 

<iil values in between arc shades of cjray. 

The value of each pixel is electronically transferred as a byter A byte is a unit of c'lght 
bits of data or memory in microcomputer systerTis. Bit 's a contraction of binary digit, 
which IS the basic element of a two-elernent (binary) computer languages 

Provide each student with: 

■ Computer Simulation worksheet 

■ the Scanner Map Shading Chart 

■ a Student Scanner Map composed of 26 sc]u<ires by lines to rc’present 88T pixels 

Students will use colored pencils to shade in eacfi sc^uarr.' (pixel) accoiding to the sucj- 
qested color code on the map and on tfie shading ch,rrt. Tfiey should isolC their striri 
and completion times to enable them to c<rlculate their rate- and compare it with a 
NOM satellite rate. It is important that they sfiade in one row of the imacje at a time, 
beginning at the top, since they arc' simulating a satellite descending from the North 
Pole. When the image is cong^letc'd (p 207) students should obv'rve ttie familiar geo 
graphical features of the United States with a large cold front and its associritc'd comma 
c/oud formation over the- Ohio Valley. A comraia ckxid is a fvrnd of curnulifcm ckxjds 
thrit look like a comma on a satellite image Make' several trrinsfrarc'nc y c o(sies of the' Erisl 
(cjast m,if) on tfie preceding fracjc' to help students loc.ite flic- weather f),ittc'rrr, 

Answers for Comf)utc'r SimuI.rtion Workstieet 

1 640 f)ixc‘ls X 480 ()ixels ■= -50/ 20(.) (rixek, 

2 24 ()ixels X [Pixels - fV,4 tiytes - 691 2 bits 

Answer for c'xterv.ion 

Pie t unary ( ode (’([uivalent of 80 is 0 1 0 I 0000 








Computer Simulation 




name . 

Imagine a broadcast of infrared data from a NOAA satellite descending from the North Pole in the 
morning hours. The observed image must be encoded and then sent as a radio signal. The entire 
image seen is actually made up of tiny squares called picture elements or pixels. 

The brightness of each pixel is assigned by a number value between 0 and 255. In this system, 



i 0 represents pure black (warmest) 

I 

I 

I 255 represents pure white (coldest) 

j 

j all values in between are shades 
of gray 





1 pixel = 1 byte = 8 bits 



1 pixel is electronically transferred as 1 byte 
1 byte equals 8 bits of data 



1 . The APT images you have been working with are rectangular, 640 pixels wide by 480 

pixels long. How many pixels compose the image? 

2. Pretend that you are a computer that will analyze several bytes of information. You will 
be presented with a table of 24 x 36 pixels. How many bytes of data is this? 

How many bits of data? 

To determine your transmission rate per minute, enter your start time. 

3. Shade the figure according to the information on page 205. When acquiring an image 
from a NOAA satellite in descending orbit, the satellite image will appear one line at a time 
from top to bottom. That is, all 26 pixels in the top row are colored in first. Then the second 
row is completed, and so on. 

Write the time when you completed the shading. 

4. What is your bit rate? (How many squares-pixels-could you fill in per minute multiplied 

by eight bits per pixel.) 

5. NOAA satellites transmit data at 120 lines per minute. How does this compare with your 
personal transmission? Remember, you have 34 lines by 26 pixels. 



6. What cloud patterns might be detected from your observations? 



7. From your map, can you determine if any precipitation might be occurring? 



A, 
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Scanner Map Shading Chart 




Shade the scahher map as showh in the box below. 



Decimal Equivalent 


Temperature Range 


Color 


0^5 


> 15°C 


black 


j 

1 46-90 I 

1 i 


between 1 0° C and 1 4° C 


dark blue 


91-135 

i 


between 5° C and 9° C , 

1 


light blue 


136-180 


between 2 ° C and 4° C 


orange 


181-225 


between -22° C & + 1 ^ C 


j 

yellow 

I 


131-255 


colder than - 22° C 


i 

white 

i 

\ 

j 



C ’ 
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Student Scanner Map 
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Extension 



How does the computer know which number (0 to 255) is 
being encoded? It receives the information in the form of 
computer information storage called a byte. The byte 
itself is actually sent as a number in binary eode- 
the binary system describes all numbers with combi- 
nations of 0 and 1 , Each digit of the binary code is 
called a bit So each bit is either a 0 or a 1 . 





Examine the chart below and you will see that the binary number code system is very 
much like the decimai system that we use, except that ones, tens, hundreds, and thou- 
sands places are replaced by ones, twos, fours, eights, sixteens, and so on. 



figure 80. 
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The example above shows how only '^our of the pixels in a picture are encoded Each 
of the three signals is called a byte, composed of eight bits 

In the bottom row (or byte), see if you can provide the binary code which would 
provide the value of 80 




little thunderstorms 




ficjure 8 1 a. NOM 1 0, March 28. 1 994 

image courtesy of G. Chester, Smithsonjan Instaution, Albert Einstein 
Planetarium 

Visible irn.icje ■ rounU'ifroint trr figure 8 1 

Irnarjes rin computer will more r Icsirly (lisf)lay temperature' gradients arid fee liicate 
assc'ssment of Itie infmic'd im,u]e 
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figure 82 NOM 1 0, March 28, 1 994 

infrared image courtesy of G. Chester Smithsonian Institution, 
Alt)ert Einstein Planetarium 
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Cl on edges of thunderstorm 



ficjurc 8Ai NOAA 1 0, Meirch 28, 1 994 

irn.iqe coLJrtesy of G. Chester, Smithsoni.in Institution, Altrnt rinstoin 
PIcinr'tcirium 

Visitrle im,i(j(' ( ountr rpoint to figure 1 03 

on f omf)ut< .vill rriou' clenrly dis()l<iy tenifH-uture (jMdii'nt', ,iiul fur ilituti 
,isse',sni( 'Mt of tti(' iniMred im.iqc 









A Comparison of Visible 
AND Infrared Imagery 




Authors; 

Stu Chapman, Southampton Middle School, Bel Air, Maryland 
Bill Davis, DuVal High School, Lanham, Maryland 
Tony Marcino, Margaret Brent Middle School 

Grc.de Level; 5-8 

Objevtives; 

Studen's will compare APT visible and infrared imagery to demonstrate: 

1 . Organizing and presenting data; and 

2. Interprehng evidence and inferring. 

Relevant Disciplines; 

Earth and space science, geography, art, oceanography 

Time Requirement; 

At least two science periods, one for lab, the other for assessment Additional lab time 
may be provided to ensure student success 

Image Format: 

APT, visible-infrared image pairs 

Materials; 

1 . World atlas 

2. Student worksheets, including outline maps of the areas described below 

3. Colored pencils 

4. APT visible and infrared images in pairs, large enough to display to the entire class, 
or as slides for projection 

5. APT image pairs of visible and infrared images of: 

■ Eastern USA containing low, middle, and high clouds 

■ Southern Great Lakes region - preferably images recorded from an evening 
pass during the summer months 

■ Gulf stream area - preferably taken during the winter months 

■ Assorted images for assessment. The images should include several cloud 
types in thermal and visible images, as well as other objects such as a gulf 
stream on an infrared image 



note: These images may be’ supplied as prints if an Earth station is not available 



Advance Preparation: 

I . Divide the class into cooperative groups of at least 4 students 
2 Provide each qroup with at least three image pairs (infrared and visible images) 
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ctivities 



Warm-up: 

Place a visible-infrared APT image pair on the screen for the entire class to view. The 
pair should contain at least two of the differences between the types listed in the 
Teacher Background, which can be readily pointed out to the students. Explain, using 
specific examples, some of the differences between infrared (IR) and visible imagery. 

Procedure: 

Pass out the visible-IR image pairs (listed under materials) to each cooperative group 
Hand out worksheets. Ask students to examine the images and determine which are IR 
and which are visible. After students confer, you may wish to check with each group 
before allowing them to proceed. 

As you walk about the room to monitor the students' success, the following points 
about the images w'lll be helpful: 

1 The warmer waters of the Gulf Stream will be readily distinguishable from the 
colder waters of the North Atlantic on the IR image This differentiation will not be 
noticeable on the visible image. 

2 Clouds will look white on the visible image because they show reflected sunlight. 
Shadows will be readily apparent, if the shadows point westward, it is a morning 
image (sun in the eastern sky). If the shadows point eastward, it is an cvenincg 
image (sun in the western sky). Clouds on the IR image will appear in differing 
shades of gray depending upon their temperature (relatc'd to their hc'iqht). 

3, A July IR image of a hot day will easily distinguish cities from their surroundings 
The warm asphalt and concrete aie radiating more infrared energy than the sur- 
rounding vegetation. The following are some of the cities that should be easily dis- 
tinguished by students — with the help of a student gazetteer (a book containing 
geographical names and descriptions). This list is applicable:' when using imagery of 
the Southern Great Lakes region, 

• Detroit, Michigan 

• Milwaukee, Wisconsin 

• Toledo, Ohio 

• Indianapolis, Indiana 

• Dayton, Ohio 

• Columbus, Ohio 

• Fort Wayne, lndirin<i 

4 On the following day, you may wish to rjivi’ your students an assessment of tfieir 
individurti ability to identify visihk' and infrared imacjes. StueJent instructions are cm 
fracjc' 218 Usincj additional irric icjc.' f ).-tirs and ()i ac tic e will I lelp ensi.ric,' their sue c ess. 



Background: APT Imagery 
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National Oceanic and Atmospheric Administration ;NOM) polar-orbiting satellites 
provide both visible and infrared imagery of Earth in a low-resolution format 
called Automatic Picture Transmission (APT). Some ground station software 
IS able to display both types of images sideby-side, greatly enhancing 
the comparison process. 

The visible images display see-able 
topography, and are dependent 
upon sunlight to illuminate features. 

Consequently, it is productive to 
acquire visible images only during day- 
time. Only visible images contain shad- 
ows. Those shadows fluctuate with the time of 
day — shadows early and late in the day will be 
more pronounced than shadows in mid-day images. 

Infrared images display gradients in temperature, with the warmest temperature 
appearing dark gray or black, and the cc, dest temperatures displayed as very pale gray 
or white. Infrared images are not limited by daylight, and provide equally informative 
images at noon or midnight. Large urban areas will appear on the image as a dark 
spot — indicating the concentration of concrete and other building materials that 
retain heat, as well as heat-producing inhabitants (people, cars, utilities, etc.). Such an 
area is called a heat island and is distinguishable from less developed areas that more 
quickly react to nature (heating up during daylight, cooling off at night, etc.). 

The dominant feature in each image will be clouds. 

• In the visible image, almost all the clouds will appear bright white — because 
reflected light is being observed. 

• In the infra'red image, the same clouds will appear as varying shades of gray 
depending upon their temperature (determined by their altitude above the Earth). 

• Shadows appear only in visible images. 

• Another distinguishing feature between two types of images is that shades of gray 
may appear in infrared images where little or no contrast is seen in visible images. 
For example, an image pair of the North Atlantic in winter will display far more 
shading of the Gulf Stream meshing with the cold Atlantic in the infrared image, 
than will the visible image. 







1 




Comparing Visible and 
Infrared Imagery 




tudent Activity Worksheet 




name 



I . Your teacher provided your group with three pairs of APT images. Work with your group to 
determine which of the pairs are visible and which pairs are infrared. After class discussion, 
write some of the differences between visible and infrared images. 



2 Find the image pair of the Eastern seaboard. Locate some specific geographic features such as 
capes, bays, estuaries, or peninsulas. Use your world atlas to help Write the names of some of 
the featuies you have located 



3 



On your infrared image, you should be able to easily see the warmer waters of tfie Gulf stream 
On your worksheet miap, color the waters of the Atlantic ocean light blue. Use a dark blue 
pencil to draw in the location of the Gulf stream, based on what you see in the infrared image 




If you have a direct readout ground station, have your teacher show you how to 
determine the temperatures of the water in the Gulf stream and the water sur- 
rounding It. Place these temperatures in several locations on your map. 



T. Now locate' tfie image pair which shows the mid-Atlantic region The clouds on the visible 
image should apf)ear mostly wtiite, while the clouds in ttie infrared image are various shades 
cif gray and white, depending upon their temperature. On the infrared uririge, the w-hites 
clouds are the highest in altitude (coldest) and the darkest gray clouds are the warmest 
because they arc' c losest to the ground Mid-level clouds will appear as a variation between 
gr.ry ,tncl wtiite, if they are visible' rit all. The whitest clouds are the highest in altitude (coldest) 

Us(' your map c>f the mid Atlantic region and three colored pencils to color in at least two different 
rcyions Ont' recfion should show tht' kx alien of low altitude clouds 
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Comparing Visible and 
Infrared Imagery 




tudent Activity Worksheet 




name 



How does the appearance of th(‘ low-altitude clouds differ on each of the mid-Atlantic regions? 



5 Which of the two iriiaqes readily shows shadows? i.ocate some shadows on the image. Sketch 
the clouds and their shadows on your map, Wiiat time of day do you think this image was 
recorded — morning or evening'?^ (circle one) 

/y/nf; Which Wciy do shddows ponit m the morning? 

6. Place the final pair of images in front of you, This should be a pair of images taken of the 
Great Lakes region during the summer months On your map of the Great Lakes region, 
label the Great Lakes, using your atlas if nece^ssary On the infrared images, why does Lake 
Michigan appear as d differc'nt shade of gray than Lake Superior? 



7. The image you are using was capturc’d on d hot summer day On the infrared image, dark 
areas indicate recjions of hicjhei temperature. Locate line city of Chicago, Illinois on your 
infrared ime^ge. Why would Oncacjo <-^ppear Vv/armc^r than its sunoundings? 



8. How does the Chicago, \W\no\s cucvi look cJifferc'nt in [hv visible thrin in the infrared image? 



9. Use your world ritlas F ind as many diffc'rc'nt citic's as you CcUi Mark tfios(.' citic'S r'tamc's and 
loccUions on your Gnwl lake's rcvjinn mrif) ( an you find fTiore' than six^ 




Comparing Visible and 
Infrared APT Imagery 




lease complete each of the tasks individually. 

1 . Write the word visible under the visible image. Write the word infrared under 
the infrared image. 



2. Locate a specific geographical location. This should be very general, sucfi as 
Southern Asia or Northwestern North America. Write the name of the area at ttie 
top of both images. You may use the atlas to help you. 



Locate a region of very high clouds (low temperature) on your p, 
snowflake symbols ( ^ ) on this region. 



ill I Ins t c I I L V V 



4. Locate a region of very low clouds (higtier temperature) Mark on of t.ht'se with an X. 



5 Do either (a) or (b), depending on which features are avail, tbie on your imarje 

a. Identify a region of warm water (such as ,in oct'an CLirrc-nt) <ind m,nk tfiis 
region with the words warm HpO, 

b. Identify a specific city on your infrared photo Mark the name of tfie city directly 
on the photo 



Comparing Visible and 
Infrared APT Imagery 



n lease complete each of the tasks individually. 

I . Write the word visible under the visible image Write the word infrared uiKier 
the infrared image. 



2. Locate a specific geographical location This should be' ve'ry ejeneral. sue h as 
Southern Asia or Northwestern North America Write the name of the are.',! at the' 
fop of both images. You may use the atlas to help yoet 

3. Locate a region of verv high clouds (low temperatuie) on your [)aii Plat e ,i tew 
snejwflake symbols ( ^ ) on tftis region 

4. I.ocatc a region of very low clouds (hie^her te'mfier.iiurr) M,nk on of tfiese wilh an X 
’j ['To either (a) or (b), depe-ndincj on wfiic ti features are av.iilatrle ( 'u your im,t,j,- 



a Irle’ntify a region of warm water (sue fi .is an (jceari e orient) and rn.irt this 
region with the- words warm HpO 

b Identify a spec ific city on your infrared ()ti( >t( > M.'ii tfii' name nf tlu' r in,, dit'’' il',-- 
on the photo. 



f', (' 

c 




tujurrH'h'. GOFS visible irndqc, Mrirrh 9, 1994 

iMuqc ( ('urtt'sy of D P(’t('fs, I incj<)nore Hitjli Sc hool, Ffcclc'iifk, M.iryl.inti 
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figure 84i, GOES infrared image, March 9, 1994 

image courtesy of D. Peters, Linganore High School, FrecU'rirk, Maryland 
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low clouds (see IR image) 

but appear to be high on this visible image mid- to upper level clouds 




figure 84a, GOES visible image, March 9, 1 994 

image courtesy of D, Peters, Linganore High School, Frederick, Maryland 
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Right Down the Line 
Cold Fronts 
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Authors: 

Gayle Farrar, Southern Middle School, Oakland, Maryland 
Eileen Killoran, Gleneig Country Day School, Gleneig, Maryland 
Stacey Mounts, Ballenger Creek Middle School, Frederick, Maryland 

Grade Level; 8 

Objectives: 

Students will discover that a cold front is a boundary between air masses of different 
temperatures by: 

1 . Using a table of cities with temperatures and correctly labeling a blank U S. map, 

2. Differentiating between the coolest and warmest cities, and 

3. Utilizing the satellite image and the map to draw in the location of the cold front 

Relevant Disciplines; 

Earth and space science, geography 

Time Requirement; 

One class period 

Prerequisite Skills; 

Students should have: 

1 , A working knowledge of air masses, and 

2. A brief introduction to frontal systems. 

Materials; 

1 . Classroom map of North America with states and cities 

2. Satellite image of the United States, taken at the time (or same day) as an 
approaching severe storm 

3. Blank U.S. outline map 

4 . Weather page fro-'i USA Toddy or other newspaper 

5. Student activity sheet 
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ctivities 

Warm-up; 

1 . "^hlnk of a time a strong storm occurred. What can you remember about it? Writt* 
down key words. 

2. Now, pair with another student and share your "storm memories." 

.3. Note similarities to share with the class. 



Give students an overview of the task. Then: 

■ Distribute blank U.S, maps 

■ Tell students to find the temperature for each city listed on the activity sheet. 
Temperatures can be found on the USA Today (or other newspaper) weather page 

■ On your map, indicate the location of each city with its temperature. (Note. Be sure- 
you have cities on each side of the front and that temperature differences are easily 
distinguished) 

■ Circle the six coolest in blue, the 6 warmest in red 

■ Have the students work through the student activity sheet. 

Note: The lesson warm-up for the following day could include a vic.'wing of AM 
Weather from public television or other weather forecast. Be suic to videotape it ttie 
day of and after the storm 



Right Down the Line: Cold Front 




ritimc 

period 

d<ite 




tudent Activity Sheet 



Step 1: 

On your blank map, locate the positions of the cities listed below, use an atlas if 
needed. At the point on the map where eacti city is located, write t(ic‘ temps 'wture m 
degrees Fahrenheit. Obtain the data from the newsf)<iper 



Step 2: 

a. Circle tfie six coolest tempeicttutes witfi a f;liic' crayon or (H'.oi ;l 
tx Circle the six war'-" -st temperature's witfi <i red c rayon or peru li 

Step 3: 

Look ett your s<ttellite irnacp' of tfie United St.ites 



1 . What dcj yesu notice about tfie locations of tlie (wolc'st and ssaiinrst ii mperatutes 



/ Wfiy do you tfiink ffie terti(jercituies are separ.ited tfie 'way tiiey art ■’ 



■i Now cjbservc' the Sittellite im<iCje of tfie c'aslern United Stall 's. lab ■!! roi ■ ■. 
as the tem()eratures 

A Temper<)tures have been cjiven for tfie v.irieius c ities Ai < .■ irdir.i j :■ > d s 
irvucje, are tfiere any <itmosptieii( features i ivei tfiese .iiea-.'' 

Uesc rit;e ttiern lif anyi 

!’, Is tfieie tinytf iird j i',il ile nn tfie '.atellite f if'oli ) w I ii' > i ■ 
ternpc'i.iture diffc'rc'iK eS'' (dose ntie 



c N> )W skeli fi tfiis feature I'fn irtt ft) on your m, i| > o.| il le t Ji iileo iP 
j ) 1 1 ir, fi 'Otr iri ’ foe MS at tfie I )i ii ir II lai y I )l twi i vi r i i lilli e ■ ■ 



Cities; 



Cincinnati, OfH 
Columbus, OH 
Buffalo, NY 



Albany, NY 



Nortolf, VA 



Richmond, VA 



Baltimore, MD 
Cleveland, Off 
Pittsburgly PA 



Philadc.‘l(jfiia, PA 
Wasfimcjton, ( )( 
Wlllmillclti ir ; I )( 




uestions 





O 







OJ 




figure 86a. GOES, April 30, 1 994 

image courtesy of M. Ramamurthy, University of Illinois, 
Urbana/Champaign 
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To Ski or not to Ski 



Authors: 

Gayle Farrar, Southern Middle School, Oakland, Maryland 
Eileen Killoran, Gleneig Country Day School, Gleneig, Maryland 
Stacey Mounts, Ballenger Creek Middle School, Frederick, Maryland 

Grade Level: 8 

Objectives: 

Students will apply the interpretation of satellite imagery to a "real life" situation by: 

I . Interpreting a satellite image, and identifying features (land, water, snow) on 
the image; 

2 Compiling data for five potential winter ski resorts on a chart; and 

3. Selecting the best ski resort site and supporting the choice with written statements 

Relevant Disciplines: 

Earth and space science, geography, economics, language arts 

Time Requirement: 

One class period 

Image Format: 

Polar-orbiter image 

Prerequisite Skills: 

Basic knowledge of how to identify features such as ice, snow, water, and mountains 
on a visible satellite image. 

Vocabulary: 

albedo 

Materials: 

1 . Globe and a variety of maps of North America 

2. Satellite image of the Great Lakes region (winter image, with snow cover* and 
minimal clouds) 

3. Student activity sheet 



r- • -■ 



7/9 



ctivitles 




Warm-up: 

1 . Think about what things must be present for a winter ski resort to be successful 
(list individually). 

2. Pair with another student. 

3. Share ideas together with the class. 

Give students an overview of the task: 

Group cooperative learning 

1 . You will be given a satellite image of an area of the U.S. 

2. First, identify the region using maps and globes. 

3. Identify specific features by name (numbers). 

Individual effort 

4. Examine the potential ski resort sites (letters) and complete the data table 

5. Select the best winter ski resort site and support your answer. (Note: responses may 
vary with student abilities) 

Extensions: 

1 . What other features can you identify? 

2. Can you name them specifically? 

3. Give the latitude and longitude of each potential ski resort site. 

Divide students into cooperative learning groups 




To Ski or not to Ski 




tudent Activity Sheet 

Questions: 

i . This satellite image shows the 



name .. 
period . 
date .. 



2. Identify the numbered features by name. 
#! 

#2 

#3 

#4 

#5 



region of the United States, 



Data Table: 
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Winter 
Ski Site 


COLORS 


POSSIBLE TERRAIN 


NOTES 


white 


black 


gray 


mts. 


water 


ice 


snow 


low 

land 


A 




















B 


















C 


















D 


















E 



















2 

^ X v> 
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To Ski or not to Ski 




tHdent Activity Sheet 

Conclusion; 



name 



1 If you were financing the construction of a winter ski resort, which location woi jld 
you support? 



2. In your own words, explain why you would support one ski resort over all ttie 
others. Remember, your data table Is full of information for you to use. ..be speciFic! 





Infrared and Visible 
Satellite Images 



Authors: 

Bob Mishev, DuVal High School, Lanham, Maryland 
Wayne Rinehart, North Hagerstown High School, Hagerstown, Maryland 
l.onita Robinson, Suitland High School, District Heights, Maryland 
Nancy Wilkerson, Prince George's County Public Schools, Maryland 

Grade level: 9 

Objectives: 

Students will be able to: 

I Distinguish between visible and infrared energy on the electromagnetic spectrum, 
and 

2. Compare and contrast visible and infrared satellite images. 

Relevant Disciplines: 

Earth and space science 

Time Requirement: 

One-two class periods 

image Format: 

Geostationary and/or polar-orbiting, visible and infrared 




Prerequisite Skiiis: 

Map reading, graphing skills 



Vocabulary: 

crest, electromagnetic spectrum, infrared radiation, trough, visible radiation, wave- 
length 



Materials: 

1 . Map of United States 
2 Graph paper 
3. Textbook 

4 Chart of electromagnetic spectrum 

5 Visible and inframd satellite imagery 




ctivities 

1 . Plot values on Activity I to show waves of varying l('ngths. Identify parts of a wave 
using vocabulary: crest, trough and wavelength, 

2 Use textbook and chart to gather information on elec trcmiagnetir spectrum 
Answer questions on Activity 2 

^ I Jsc infrared and visible satellite imagery to complete Activity 
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Infrared and Visible 
Satellite Images 




ctivity 1 



> 


oomcsiir>ooir>c\jif)ooir>c\jijr)ooir>c\jir>ooir> 


X 


.5 

1.3 
2 

2,7 

3.5 

4.3 

5 

6 

7 

8 

9 

10 
11 

12.5 
14 

15.5 
17 
19 
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GO 



oo 



m o 



r CM OO 



ID 

CO in 



CO 



oo 



- 
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o ‘o o o o 

o. o. o. o. 

"o ^ ~d) 

_Q _Q -Q -Q -Q 

CO CO CO CO CO 



>■ 



CTi CO CX3 *-0 COCVJ 



The Electromagnetic Spectrum 



1 km 



^ h-H 







Hi 



Radio 



Microwave 






Visible 



Infrared 



Ultraviolet 




a 



X-ray 



Gamma ray 



figure 87. 

For hundreds of years, scientists believed that light energy was made up of tiny particles 
which they called "corpuscles." In the 1 600's, researchers observed that light energy also 
had many characteristics of waves. Modern scientists know that all energy is both particles— 
which they call photons— and waves. 

Photons are electromagnetic waves. These waves oscillate at different frequencies, but 
all travel at the speed of light. The electromagnetic spectrum is the range of wave fre 
quencies from lovy frequencies (below visible light) to high frequencies (aboye visible light). 

The radio wave category includes radio and television waves, and cordless and mobile 
telephone waves. These low-energy waves bounce off many materials including the ionos- 
phere, a characteristic that enables radar applications. Radio waves are received and retrans- 
mitted by satellites for long-distance communication 

Microwaves pass through some materials but are absorbed by others. In a microwave 
oven, the energy passes through the glass and is absorbed by the moisture in the food The 
food cooks, but the glass container is not affected. 

infrared or heat waves are more readily absorbed by some materials than by others. Dark 
materials absorb infrared waves while light materials reflect them 

Visibie iight waves are the very smallest part of the spectrum and the only frequencies to 
which the human eye is sensitive. Colors are different frequencies within this category. 

The atmosphere protects Earth from dangerous uitravioiet rays from the Sun. Ultraviolet 
and extreme ultraviolet radiation are absorbed in Earths atmosphere, although some longer 
ultraviolet wavelengths (UVB) penetrate to the ground. UVB can cause sunburn and is 
linked to most cases of skin cancer 



X-rays can penetrate muscle and tissue, m, iking medical and dental Xray photografjhs ^xjssible 

Gamma-ray waves, the higfiest frequency waves, art' more powerful tfian X-rays anef are 
used to kill cancerous cells 

Humans' limited senses are extended by tecfinoiogy. Technology that utilises the full electro 
magnetic spectrum enable the most comprehensive investigation of Erirth 

fh/i /esson conla/a'i ext rvpfs r;t'm Astro / Scc/nfy m <i /Vi'vv / h\u her ^ c tunh' .‘V tivitKS. NASA 
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Infrared and Visible 
Satellite Images 



ctivity 2 

Ligfit <tnd orfier kinds of rndi.-ition consists of photons thdt travel in w.tvfs 

The Spectrum and You 

Diff(‘ront Mdwtion wavelengths are part of your everychiy life Wnte the name n( tfie 
vvavelencjth in the blank the way that it affects your life 



t ye 




fnu ft )vV' IV f 



If iff< Iff *( j 



VISl[)l(,' Ilf jfu 



f.iflh 



I ih f t'.'i 



iM 1 



V 



f< )\ 
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ctivity 3 

Visible Radiation ^ ^ , 

Seen because of light reflected from objects such as land, clouds, etc. 

Lignt areas indicatp very reflective surfaces or colors; dark areas may be shadows, or 
indicate an area ui refraction or the absorption of light 

Infrared Radiation , 

Seen tiecause of the temperature or heat energy contained in an object 

I ight arcMS indicate objects with lower temperatures while dark areas indicate warmer 
or moie intense heat radiation 

A(lv<un<ujrs/Discidvcintciges of visible vs infrared images 



Visible Images 

Daylight use only 
Students familiar 



Infrared Images 

Day or night use 
Students unfamiliar 




Use infrared and visible satellite Imagery of same area to complete Activity 3. Divide 
c,H t'l irnac]e into four quadrants. 



Visible Im.icjc 
I A ^ 1F3 

j • -- 

I l(. ! ID 



Infrared Image 2 



2A 


2A 


2A 


2A 










uestions 

1 Wfi.it (listincji.iistiing features can br^ identified i* 
a In set fions lA and 2A'’ 
b In sectK.irr. 1 B and 2B''’ 
i In set tions I C and 
d In sections I D and 2D^ 

!•; o|)on yoiji knowledge ofvisitile ,ind infrared radsition ulentify sectors itiat 
,* - V visihit ' ( )i infraied radiation 

^ i..MWioos ID and 2 i wtiat diffc lenc es t an he seen/ 

I In snf tiMM /D. wtiy do wc sef' differences in sfiades of tjrayk 



O'. ,;/(,! \uU' (fr P-yrS f // 1 /. 'f 's 1 s'l V 'i /f ’ ' ?'i I 

, ( us ff ir (/, fs >unt\t 
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Infrared and Visible 
Satellite Images-part 2 




Authors; 

Bob Mishev, DuVal High School, Lanham, Maryland 
Wayne Rinehart, North Hagerstown High School, Hagerstown, Maryland 
Lonita Robinson, Suitland High School, District Heights, Maryland 
Nancy Wilkerson, Prince George's County Schools, Maryland 

Grade level: 9-12 

Objectives: 

Using weather satellite images, students will: 

1 . Identify areas of cooler or warmer surfaces on land and water; 

2. Use currents to show some magnitude and direction of weather vectors 
(movements); and 

3. Use water currents and cloud formations to identify some temperature differences. 

Relevant Disciplines: 

Earth and space science 

Time Requirement: 

I -2 class periods 

Image Format: 

Geostationary and/or polar-orbiting, visible and infrared 



I Direct readout station or computer equipped to display imagery 

2. Picture displays or a television that can interface with and display a computer screen 

Procedure: 

I Display model images on the screen or bulletin board with identifiable features of: 
land masses, water bodies, clouds and/or currents. 

2. Use a data display (liquid crystal display — LCD) or other display method to enable 
all students to see imagery. 

3 Entire class interacts with imagery displayed 



Hands-on student identification of 

■ Land masses eg, Florida, Baja 

■ Water bodies e g.. Great Lakes, Chesapeake 

■ Cloud formations (small storms, thunderstorms, cyclones, hurricanes) 

■ Currents (air or water, jet streams) 

Note. Some events, such as hurricanes, are seasorvtl. Timinc) is nitirai wl 
time irnacjc'ry Dc'velofrinq <in archive of files will fmiviclc flexibility 

Extensions: 

1 Practire, frrartice, (Jractirc' 

2 FcjIIow a storm. m,ik(' |)r('dic tions 



Materials: 





ctivities 








figure 89v. GOES visible image, March 9, 1994 

image courtesy of D. Peters, Linganore High Scho(.)l, Fredt'nrk, Mrirylanri 

R('fcr to page '227 for additional infoimation abntit ttie ima(jc 




fi(jur(' B9i. GOES infrared image, March 9, 1994 

ima( )(' courtesy r)f D Peters, Lincj.inore Hi(jti Sr tool, fiedend', M.nyl.ind 
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Understanding a Thunderstorm- 
Development Through Expiration 



Authors; 

John Entwistle, Damascus High School, Damascus Maryland 
Carolyn Ossont, DuVal High School, Lanharn, Maryland 
Hans Steffen, DuVal High School, Lanharn, Maryland 
John Webber, Aberdeen High School, Aberdeen, Maryland 

Grade Level; 9 

Objectives; 

Students will be able to. 

1 . Identify the features, patterns, and stages of a thunderstorm; and 

2. Explain how the thundercloud evolves. 

Relevant Disciplines; 

Earth science, meteorology, computer science 

rime Requirement; 

Two to three periods 

Image Format; 

APT, visible and infrared 

Prerequisite Skills; 

1 . Knowledge of how clouds form 

2. Ability to analyze satellite images 

Materials; 

1 . APT images (visible and infrared pairs preferable, one per group) with a particular 
cloud type circled for identification 

2. Thunderstorm reference sheet 

3. Data sheet 

4. Cloud tact cards, cut apart (pages 246-248) 

5. Teacher-provided reference materials about clouds and satellite imagery 

6. Thunderstorm Reference Sheet (page 245) for each cooperative learning group 

Preparation: 

The teacher should spend at least one period preparing the class for this activity. 
During this preparation time, discuss with the class why and how clouds form. Once 
students understand the dynamics of cloud formation, go into specific detail concern- 
ing the evolution of a thunderstorm— from cumulus cloud through dissipation stage. 

Note that this activity describes sfandard thunderstorms. The development of multi- 
rind super-cell thunderstorms won't match what is described here 

Reference; 

Ahrc'ns, Donald C Mrtecvo/ogy today: An Introduction to Weather, Climate, and the 
f-'nvironmcnt 



ctivities 



1 . Divide students into coopcrcttive Icctrning groups (each group has five roles to fill). 

2. Pass out one Data Sheet to each group. 

3. Each group divides up the tasks listed at the bottom of the data sheet (chairperson, 
recorder, traveler, reporter, researcher). 

4. Teacher randomly gives one satellite image to each group as well as a 
Thunderstorm Reference Sheet. 

5. After analysis of the satellite image, tfie group decides which five cloud facts they 
should receive from the teacher. Making multiple sets of the cards will ensure that 
each group decides which cards they want, rather than choosing by default. The 
card types describe appearance, temperature, source card, associated weather, 
and vertical development. 

6. After reviewing their five cloud fact cards, the group must decide which, if any, of 
the fact cards pertain to the cloud indicated on their satellite image. Do research 
from provided materials, allow ten minutes for research. 

7. When it is determined which cards are needed or not needed, students may 
choose to trade cards with other groups through the traveler — to obtain the cards 
they need. 

8. The traveler may approach othc-r groups which have determined the cards they 
need and make trades for cards to complete the data sheet. 

9. When all fact cards are collf'cted, the recorder should complete the data sheet and 
arrange the fact cards in the order on the data sheet. 

10 The reporter for each group, in turn, riames the groups cloud and rc’ads each 
cloud fact card (start with cumulus and go through each stage, ending with dissi- 
pating cumulonimbus) 

I ! Data streets and f.ict c,iids are tutnt'cl into th(' teacher for grading 

Extensions: 

On the day followinc] ttris activity, discuss in detail with the class the forrrration of light' 

ning, torrradoes, h.iil, and the damage they inflict 

II ari( l/( II su()( >r ( ('ll thundc'istorms 



Irrvc'stK jate nrulti c ( 



Data Sheet 



Group Number 

Cloud type indicated on your satellite image ^ 

Cloud Facts: MUST pertain to your cloud 

Source 

Temperature 

Appearance 

Vertical Development 

Associated Weather 

Satellite Image, describe what y(ju see, 



Names 

Chairperson: Controls discussion, directs rescvio h 



Recorder: Completes data sheet compiled by cjroup 



Traveler: Moves efficiently through other qrouf)s to 
trade for needed cloud facts 



Reporter: Reports results of groufyi arnduMons 



Researcher: Optional (Je[)endin(j on si/e of ()fou[) 






12 km 



Thunderstorm 
Reference Sheet 



figure 90, 









Appearance Card 

Towering Cumulus 
Resembles head of cauliflower 




1 Temperature 

1 -50° C top 

■ 0° C base 


Appearance Card 

Cumulus 

Puffy, floating cotton 




1 

1 Temperature 

1 -10° C top 

1 24° C base 

\ 


Appearance Card 

Mature Cumulonimbus 
(thunderhead) 

Top - ice crystal 

Mid - ice crystal/water droplets 

Low - water droplets 




i| Temperature 

1 -15° C top 

1 20° C base 


Appearance Card 

Dissipating Cumulonimbus 
Cirrus anvil cloud remains 


< 


1 

1 Temperature 

1 -60° C top 

H 24° C base 



o 
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Source Card 


Associated Weather 


Evaporation continued due to 
increase in temperature 


Occasional showers 


Source Card 


Associated Weather 


Evaporation from lakes, oceans, 
or other bodies of water 


Light showers 

Increased clearing | 

i 




! 

Cooler temperature 


Source Card 


Associated Weather 


Evaporation causes air to become more 
moist. Rising air is now able to condense 
at higher levels and the cloud grows taller . 
The freezing cloud particles become too 
heavy to be supported by rising warm air 
and it rains. Lightning develops when the 
cloud becomes unstable and experiences 
turbulence. 


Moderate thermals 
Fair 

1 


Source Card 

1 Downdrafts occur throughout the cloud. 
Deprived of its rich supply of warmed 
humid air, cloud droplets no longer form. 
Light showers below and upper level 
winds dissipate the cloud. 


1 

Associated Weather 


i 

1 Possibility of hail, rain, 

i lightning, thunder — some or 

1 all of each. 

i 




Strong winds 



Vertical Development 


Vertical Development 


top 1 2 km 


top 1 .5 km 

I 


base 1 km 


base 1 .0 km 


Vertical Development 


Vertical Development 


top 1 1 km 


top 6.0 km 


base 5 km 


base 1 .5 km 

i 

i 
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figure 9 1 V. NOM 10, March 28, 1994 

visible imacjc courtesy of G Chestci, Smithsonian Institution, 
AllxTt Einstein Planetarium 
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figure 9 1 i, NOAA 1 0, March 28, 1994 

infrared image courtesy of (j Oiestc'r, Smittisoniari lo'.titutiorc 
Albert Einstein Planetarium 





fu|iir('91<i NOM 10, March 28, 1994 

viMbIt’ ifTiacje courtesy of G Chester, Smithsonian Institution, 
Alin 'It Finstein Planetarium 








fiquff97v NOM 10, March ;?9, 1994 

visihlf' im,Kja courtesy of G Chester Smithsonian Institutior 
Alfiert Finstein Plrinetanum 
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figure 92i NOM 10, March 29, 1994 

infrared image courtesy of G, Chester, Smithsonian Institution, 
Albert Einstein Planetarium 
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Animation Creation 



Authors: 

John Enrwistle, Damascus High School, Damascus, Maryland 
Carolyn Ossont, DuVal High School, Lanham, Maryland 
Hans Steffen, DuVal High School, Lanham, Maryland 
John Webber, Aberdeen High School, Aberdeen, Maryland 

Grade Level: 7-12 

Objective: 

To create a computer animation of a sequential series of WEFAX images which will 
assist in identification of fronts, clouds, hurricanes, and storm movement 

Materials: 

i . IBM/compatible computer system 
7 Romeo file ’ (see page 256) 

J A collection of visible or infrared WEFAX satellite images on computer disk in GIF 
format The images should have been obtained at consistent time intervals 

Background: 

1 . Two programs are needed to create the animation. ANIMATE creates the animatKjn, 
and PMV displays the animation file created by ANIMATE. 

2. The programs must be run from a hard disk drive. 

3. The animation is smoother if run on a computer with a fast microprocessor 

4. Only GIF format im.ige files can be animated using these programs 

Procedure: 

I Make a new directory on your hard drive using the following command 



2 Change ro ttie new directory using the following command 

r enter 

3. Cofjy the file named 'RCJMFO ZIP " from the directory/dnve where ROMEO ZIP h,r, 
C'lther been downloaded, or the efrive rjn which ROMEO.ZIP is loCcUetf, usinij the 
following command 



4 Urvip ROMf (.) ZIP using tlie foll(.)wing corTimand (this commancf .issurnes that yi.'u 
fiave PKUNZIP on your hard drive and in your path. If you don't fiav(> PKUNZIP 






Note You ri'iisf fiavr- at least 2 5 MB of fre».> hard drive s(iarr‘ in order to iirvi |0 ,inr) mn 
tlr . (Hogr.irn Addition, il inforrtiation on tfii' PATH statertK'ot in your AUK .)! X[ ( HA! file 




c''o;rp]rY^i 



!l 




ENTER 




f) .< IV l)( ’ j If 1 V' i' ( )C A tiirUHiril A Srif)i()l(’ PATf i strife 'ffirnf If x iks liM’ ffu'> 
[’AH I := ( \C M)()S,r,vAKTni [ 
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Procedure (con't); 



5. Collect your sequential WEFAX image files, 

6. Place the image files in the ROMEO subdirectory. Be sure the image files are listed 
Ih the subdirectory in chronological order. The closer together the chronological 
files are obtained, the smoother the animation Images collected every hour work 
best, although images collected every two, four, or six hours also give good results 
Animation works well with 1 0 or more image files 

7. To animate the files, be sure you are in the subdirectory containing th<‘ file DTA 

8. To create the animation file, type 



where the path is the path to the image files This will create the file ANIM f 1 1. !he 
more images in the animation, the longer this process will take 

9, To show the animation, type 



I 0. The file, ANIM.FLI should be renamed since' eru.h surjsecjLJcnr aniniariC'ii 
created by DTA will be called ANIM.FLI 

I 1 . Additional, m-depth information about tfu' programs DTA <ind PlAY art* fnund in 
their DOC or TXT files. 

References: 

Mason, David K,, DTAID^vcs.rGAAnimcHicnPrcgr.imi I 8f 
Mason, David K., Animate, 1992 



[iimHnmQailirnEmaacriiliw .□ster 




[ ENTER 




* The Romeo file may be obtained from: 



NASA SpcKelink vm moOviv, fU 89S 
IntC'rne.'r (U sp^^ceHink rnsfe (jf)v 



BofdcfTc'Ch [4 I ()i /' 4/’4 / fti , ( M, tf; it ■ i ; J 



r.)(i!i'/is R(‘rnof(' I'TifHjinq Grnop tiiMpu 

Thofc iS H fc(‘ rc) I, jSf ■ this ;/l4i V-h; /‘I vH 



Th(‘ (U'linTj^Tion softW<<'h h shr^h'A.rr h'Chni' • ; rh,f; .t ", r' 
P'l t rj send VON rTOyV l.irti'M'r *1 

r(.,U^f)X \A]/ ]<KkS0/V!l‘r 



Ttihff' two (»nimhtif^fi filo. , '7 inf)iy i' I; f' ■ f h", m »*'< ■ ' J 

Iff'. ^ jhi If 4 . CM t )y < V )f S yVV'ti n us , tf Vf>f, tfK in r - "/nr , fe , / .r : f hi i|f( 
Hh’ file R( TMIC ) Al i f. ' 'fftnins the I ih( jifT i| 1 1 ) T jrs : i- M ' '■ 
(.'xthtHj rtfh f^nifncUion tf’i i.fvcr h rl ^ys pt»rinrj ( fPTf ' 



( 
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Wherefore art thou, Romeo? 



Authors; 

John Enrwistle, Damascus High School, Damascus, Maryland 
Carolyn Ossont, DuVal High School, Lanham, Maryland 
Hans Steffan, DuVal High School, Lanham, Maryland 
John Webber, Aberdeen High School, Aberdeen, Maryland 

Grade Level: 7-12 

Objectives; 

Students will bi,' aide to follow the path of .1 Pacific Oc can Oi./Mf 
I Identify .1 hurricane by its properties, as shou-n in ,i '.c r'' 1 >f se(|u 

GOES im.iqes, 

? D(.-termin(UK.iuai si/e, vc’locity, and diu'ction of movemei't it ,■ n 
\ Prcdif ' ifie p.Uh th.it .1 fiuiMC finc’ will takr 

Time Requirement; 

to -i class fjenods 

Image Format; 

Geostationaiy infrarod im.tcjes 

Background: 

I Re.id U S Cn'OstcHionciry Fnviri.'nmcntcil ,ithi H,h m//. on, 

y Collect ri series of infrarecJ GOES satellite im.Kjes on cominito' o'.’ 
accjuired at one hour intervals) 

■i Oownlo.id tfie files described in tfie fjrevious Insson, A/i/rr,if/o,o ( 
In.; luded arc' two animation files .ind 9 indis'idu.il fMitie filto I'n 
(ont.iins 10 im.icjes, c'ach taken from GOES West, cover iruj '> tio 
the hurric.ine fhe file ROMEO ALL contains tfie origin,!! I 0 nio', 
tion.il numt)er c.)f frames th.it extencJ the' .ini'iiation ti ) i )\vr a . 1 i', 

Materials; 

I Comfjuter 
y Romeo files' 

J .Mi'tnc ruler 

•I 1 fiK •' ( if ac et.ite and mart iri(j pen |)( ' .t, ide"' o’ :,a 

Preparation; 

I R( ’VIC .V t ). ic t c jrc .'unc 1 infi a ” 'atii ai 
'a t 0(1 ttie c ( imf)uter systc 'ii 

■: ( JistntHite I sheet of ac et.ite and m, III r'o i O' '■ : , I- ’ ' ,1 

4 f iistiihute studcait dat.i '.fiiaet 

References; 

Atuens [tnreildc Mereoro'OiA /or/av An Inlu ( h 1 , n, •' 1 !, I',- ■ 

/ rn.'i/i'nmi 7 >1 

f’l'.nvchot Noel I HnrtK n'U'l A I nmih.v .-.'tirn Hnn< • • 

WrllMms !. 1(1 /Me We, 4/ re,' /f( 'OS 

• ',(■( ■ tf 7 ' le'.son Anirn, itu 'O ( ri Hu >0 re( (aidim | s' 'ft a" 
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U.S. Geostationary 
Environmental Satellites 



ackground 

Geostationary or geosynchronous sate' es orbit the Earth c 
speed and altitude (approximately 22.240 miles) that allow 
them to continuously hover over one area of the Earth’s 
surface and provide constant coverage of that area. The 
U S, Geostationary Operational Environmental Satellites 
(GOES) view almost a third of Earth's surface and provide 
continuous western hemisphere coverage. 



GOES provides low-resolution direct readout service called 
WtMther Facsimile (WEFAX). WEFAX transmissions include 
visual reproductions of weather forecast maps, temperature 
summaries, cloud analyses, etc. via radio waves. WEFAX visi- 
ble images have a resolution of eight Miometers, meaning eacii 
pixel leiKCsents an area eight kilometers on a side Infrared imaejes have a i(>solutic,)n 
of 4 kikrmeters. WEFAX is formatted in a 240 lines-per-minutc- trrinsrnission rate 



mm OES 

rpB ■ Provides c ontinuous day and night weather observations 

■ Monitors weather evenis sucfi as hurricanes and other sevc're s.orms 

■ Relays environmental data from surface collection points to <i prcxessiiuj r enter 

■ Performs facsimile transmission of processed weather data to usc'rs IWFFAXI 

■ Provides low-cost satellite image services, the low resrjiution vr.'ision is c.)lk>d 
weather facsimile (WEFAX) 

• Monuors the Earth's magnetic field, the energetic particle flux in the vicinity of the.’ 
satellite, and x-ray emissions from the sun 

GOES l-m Primary Sensor Systems: 

Imager IS, I five channel ((.jne visibles four infrarc'cf) imacjiruj racfiometer th.it senses 
r.idiant c'nergy ,ind reflected solar energy from tftc- E.uth's suiTic e md tfie atmos|)tH‘re 
fhe imaejer alsf provides <i s ar-sensing capability used for im.uje navutation anrf reiii. 
tr.itio'i pcjr poses 

Sounder is a 19 cfvinnei discrete-filter radiorTteter th,it se ises sfX'c ifir radunt enerpy 
for vertK.il ,itmosph''ric temper, iturc' and moisture [Drofiles, surf-ne and - loud t(.iii tern 
perature, ,trui o/one distribution 

Communications S_jsystr?m inclucfc.'s we,ittier f.ic simile (Wl f AX| ti, irv.-Mr.' n in and 
■tie se.trcfi ,tnd resme (SAP) trsirisponder 

Space Environment Monitor (S1..M) consists of a m.ignetrxrii'tei, x my seiin n. hi. jli 
erief (|y pn iti in ,ind ,tlf)h,i tfefer tor, <intf ,in nnercjctic fxirtir les seiio ,n. ,ill usei 1 !' >r ii' oti; 
surveviruj of tfie ne,ir Carfti sfi.ite envitonmc’nt Ttie re il time d,it,i is |nnvided tn tiie 
'.sp.ice I r ivir(.)nment Services Centc.’r — wfticfi recc'iees, inonitors, ,irifl inr;-rprets miI.ii ter 
restfi.il dat.i ,ind tnrr'r,tsts sfiecul events sut h ,ts i,ir fl.ires oi i umni, i- p - ti,- st, ,rms 






Hurricanes 





ackground 

HurriCcin0S rTr0 S 0 vtT 0 tropiCcil cyclon 0 S v/ith pronounc0c1 roteiry circulation whoso winds 
consistontly excood 74 mph or 64 knots (1 knot =1.15 milos/hour). Ono bonoficial quali- 
ty of hurricanos is serving as a source of ram to land in their path, although the rain is 
often delivered in devastating quantities. A mature hurricane orchestrates more than i 
million cubic rriiles of atmosphere, typically has an 8 to 12 day cycle, and averages about 
300 miles in diameter. Winds may exceed 1 50 knots, and generate waves of 50 feet or 



more over deep ocean. 



Hurricane winds are produced, as all winds are, by differences in atmospheric pressure. 
The hurricanes energy is derived from the latent heat of condensation. The maximum 
strength that a strrm can achieve is determined by the temperature difference between 
the sea surface and the top of the storm Water below 80 degrees Fahrenheit does not 
contribute much energy to a hurricane so all si> irms are doomed once they leave warm 
tropical watt'rs, How-ever, the remnants of some large hurricanes may travel for days over 
cold ocean before dissipating 




Hurricanes form over tropical waters where tfie winds are light, the humidity is high, and 
the surface water temperature is warm (typically 79 degrees F or greater) over a vast area. 
Al hurricanes develop an eye Within the eye, an average of 20 to 50 kilometers in diame- 
ter clouds are broken and winds are light with very low surface air pressure. Hurricane 
strength is generally unrelated to overall size, however very strong hurricanes usually have 
small eyes (less than 1 0 miles or 1 6 kilometers in diameter), which has the effect of concen- 
trating the hurricanes energy Hurricane Gilberts ( 1 988) eye displayed the lowest sea-level 
firessure ever recorded in the Werstern Hemisphere with 26.22 inches (888 millibar') of 
mercury— c ompared to the standard 29 inches of mercury in North America, and 30 inch- 
es in the tropics. Surrounding the eye is tfie eye wall, a ring of intense thunderstorms that 
wfiirl around the storms c enter and extend upward to almost 1 5 krn above sea level. 



Athough the fiigti w'inds of hurricane > inflict a lot of damage, it is the waves and flooding 
risscK utt'd with the storm surge that cause the most destruction. High winds ge-'ierate 
w.ives over 1 0 meters (33 feet high), and an average hurricane brings six to twelve inches 
of r<iin to the area it c rosses Storm surge claims nine of ten victims in a hurricane. 

While a hurric ane lives, the release- of energy within its circulation is immense. The conden- 
ScHion fieat enc.-rgy releasc’d by huracanc- in one day, converted to electricity, could supply 
the United States' electrical needs for alxjut six months Hurricane season in the Northern 
H(‘misft)here normally lasts from June through Novemtrer, more fujrricanes occur in the 
P,i(ifi( th, in in tile Atlantic CXean 



Stonn surge The (umbmed effer t of hujli '.voter and hujh winds tfvit produo.' rise- in 
ocean level ttiat dn-nr lies lo'.v lyirxj coast 




Storm tide 

Uie (omt)inatioM 
I )f hicjh tide and 
storm suKje 
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Teacher Notes for 
Activities 1 & 2 




ctivity 1 

1. Run the computer animation by ryping- 

2. Slow the animation by typing _9 




ENTER 



3 Observe the animation, lc^enti^y the numcane 



4. Answer ttie observation questions 







uestions 



la Which direction ,i thi' nuiMcanc niuvini./.’ Hoe, t.]o you knov 
lb Which direction <)re the ci(juds m ttie liuriicane movincj^ 

I c Using a copy of C'oud PcHtern 7)t.ies used m Intensity /\nc^iysis criad. locate the 
shape" of the fiumcanc" and identify triC' stH'ncjtn' of the humccine 





Ctivity 2 



1 Before beginnir^g the activity, teachc cnould 
set-up the computer system an/ display tne pic tL.re 
'SCALE" from the Romeo diskymy ty'pmg 



Pii L A Y 



S C ALE 



ENTER 



2 Tape a piece of acetate tc, the computer '■’"on t j’ 



3 Students need to copy me d-stanr e sc a-e p-f 
screen onto the acetate 




4 View the inct'S'idua! fiu’i ' a’V seriuv"''' e t.), fpii'v.; 

X ^ yl Z' ' K o' ■ ^ 

5 Mark f'e cente' of hu'’rO'ne rv..''n(,‘i 



6 Trace ;f;e cnastfoe : into li’f 00;, -P' 

7 Pc'poc't prof ed./- a' • *' y 

S Pt 'mr , t ' t>'i,> ,, If " ■’ <t> ■ " "'o I, 

9 C'.mnef t ttie I' 




ecord the Following Information on Your Data Sheet 

/ a Usinc] the sr uie ,d,.ro"in", ■ the ' I stani . ■ (letween ear h • 

2ti Df 'toMpiiw t*’*" t' da: d'st •' *•'/’•( ' -'"t ■' > tr , ", < d ■, ! 

2( fTeterrnirie th>' .oeod tfio « rntr' 1 ;f tOr .mo 'o. )■,. q . 

2fl f )eterminc tfm .’.faqo o .• f d n i( ■ i-i ,rrif ora mi, j 




0 

*- t •.} 




Wherefore art thou, Romeo? 
Student Activities 





. 

ERIC 




ctivity 1 



1 Run the computer animation by typing: 

0000 



R O W E O 



ENTE R ] 



2, Slow the animation by typing: 

3 Observe the animation, identify the hurricanc- 

4 Answer the observation questions 




uestions 

la Which direction is the hurricane moving'^’ How do you knowi* 

I ti Which direction are the clouds in the hurricane moving:’ 

! c Using a copy of Cloud Pattern Types used in Intensity Analysis ( hart, lot ate thi 
shape of the hurricane and identify the strength of the hurricane 




ctivity 2 

! Before beginning the activity, set-up the computer system .ind disf)tay thr pic tore 
'SCALE ' from the Romeo disk by typing 

EEB0 [s][c]00[l] riNTis:; 

2 Y<rpe ri f:iiece of ac etate to the computer monitor 

C Students need to copy the distance scale from the scrc-en onto the- acetate 

4 View the individual hurricane sequence by typing 

[Pli LlKiYi [R]l^L^[lJ®n[iJ [ ' 

'j Mark the- center of hurricane Romec.r 



6 

/ 

8 

•; 



Trac e the c oadline onto the acetate 
Re()eat (noceclurt'S 4 S. S for frames Ror’ eo 2, Romt > 
Remnve tfv' acetate from the romputc't sr reen 
( (,nnec t the f mints marking the c enter of tfie hiieu ar a - 




ecord the Foliowing Information on Your Data Sheet 

2,1 Us'ng the sr.ile, determiine the distance between each fa nn' 

21) fPatermine the total distance hurric.ine Romeo tr,ivel('d 

2( f .)eterrtmie the s()eed tfie center c.)f the furmcanc' moverl Imt'.s* en ■ .» n < 

2a Uetc'cmine Ifie .ivetrige speed tfie fiurric ,ine moverl 
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Student Activities (continued) 




ctivity 3 




Return to the computer and tape the acetate onto the computer screen, aligning 
the center of the hurricane images with the dots on the acetate. 



2 Load ROMEO. I 

3. Draw a line (radius) from the center of the hurricane to the southern edge of the 
spiral bands 

4. Repeat procedures 2 & 3 for each frame. 

5 Remove the acetate from the computer screen. 

6 Determine the diameter of hurricane Romeo foi each image. Record this inforrria- 
tion on your drita sheet. 




uestions for Activities 2 & 3 



3a 

3b. 

3c. 

3d 



Describe the circulation pattern of the clouds around hurricane Romeo 
Comc.^re the distances traveled betw'een each of the images Is there a oatternR 
Explain your answer. 



Compare the diameters of the hurricane images Is there a oattern R 
Explain your answer ^ 

Based on your drawing and rne data collected, predict a possible location for 
Romeo irn the rnext 3, 6, 9, 1 2, 24 hours. Check to see if your hurricane movemerit 
prediction was correct by typing 




0BEH L?]®[m][1][I]®[I][I] I ente^ 



3c. Predict what will happen to the shape of Romeo over the next 3. 6, 9 1 2 24 hours 

3f Based on your drawing, what might be one reason that a hurricane would lose 
strength? 

3g. If you wc're (t meteorolotjist irn Hawaii, would you issue a hurricane warning? 
Explain your answer ^ 



Extension^; 

1 Collect GOES images rind animate a sequence 

2 Using ROMEO ALL, comp, ire the movement of hurricane Romeo to the clouds in 

rorth-reniroi and th(' cc'ntral p.irts of the U S 



References: 

Ahrens, Dc^nald C Maccrcloqy lod.iy An IrnnxlLH tu^n to Wt\Hhcr Chmote ondthc 
f-nvtronment 



A M Weather for Leac hers 

Dvorrik, Verri(.)n E Tropical Cyclone Intensity Analysis Using Satc’llite Data 
Mascjn, David K "DL'\ Davc's/TCiA Aninvition Rrogrrim I 8f ' 1992 
Mason, David K Anim.ite ' 1992 
Williams, Jai k The We^thet Book 
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Hurricane Romeo 
Activities Data Sheet 
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Pre- I Tropical Storm ! Hurricane Pattern Types 

Developmental Pattern Type Storm 

' i ' 

; Minimal Strong | i Minimal Strong Super 



Cloud Pattern types used 
IN Intensity Analysis 
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T for tropica' number representing wnd speed. The rate is defined as T-number per day 
CDO Central Dense Overcast cloud mass over curved features or over eye. 

CF Cenl'al Feature such as CDO or eye 

BF Banding feature The amount of banding that coils around the CDO. Banding features can be very important in 
visible imagery analysis, adding as much as 2.5 T numbers to the intensity estimate 



A Cold Front Passes 




Authors; ^ 

Scirah Clemmitt, Montgomery Blair High School, Silver Spring, Maryland 
Onyema Isigwe, Dunbar High School, Washington, DC 

Grade Level: 9-12 

Can be adapted for other grade and ability levels 

Objectives: 

At the conclusion of this project, the students will be able to 
I Identify satellite-viewed features associated with a cold front, 

? Identify scjrface data trends associated with the p)assinq of a cold front, 

•i Track the movement of a cold front, and 
•) Pf('di( t tfie curival of the cold front. 

Rationale; 

T(.) en.tole students, in groups of four, to apply the information ttvy fiavc' learned 
atjout cold fronts to analyse satellite images cind synoptic dat.i tfiey have collected 

Relevant Disciplines; 

r<rrth and space science, computer science, mritfiematics. Tncjlisti 

Time Requirement: 

Ont'-<ind-a-fialf to two weeks 

Image Format: 

APT (,)r GOES, visible and/or infrared 

Prerequisite Skills; 

Tfiis lesson is not intended as an introductory activity 

I '’’he stuefents should be familiar with manipulatincj and enh.rncirKj satellite images 

? Ttie students should be familiar with weather pattc'rns, including cold fronts, and 
ttie Vrinabies inherent in their passing 

1 Tfie students should have' experience in usincj a thermomefer. a baromc'ter. an 
aner^iorneter, and a sling psychrometer 

Vocabulary: 

air mass, clouds (nnus cumulonimbus) cold froi i. desv [joint velor. ity 

Materials: 

I access to imritjes 
/’ anc'mometer 
\ tjarometer 
•t sliiu) ()sy( tirometc'r 
tt ierm> ■n'etei 







o 

ERIC 




ctivities 

Introduction: 

At this point students have already learned quite a bit about weather patterns, They 
know what a cold front is, as well as the variables that will change as a front passes In 
this activity that knowledge will be used to. 

I Identify satellite features associated with a cold front, 

2. Identify surface data trends associated with the passing of a cold front, 

3. Track the movement of a cold front, and 

4. Predict the arrival of the cold front 

Student instructions are on page 268 and can be copied and distributed to the class 
Students are expected to turn in a written report that includes tfic following sections 

I Title page - names of group members and dates of study 

2, Introduction - summary of what you know about cold fronts (include citations) and 
a statement about the (Objective of yocjr repcjrt 

3 Materials and methods 

4 Data 

• Inforrriation collected from the satellite imagc.'s iricludinq the (JOsitiorT of a cold front 

• Predicted velocity of the front 

• Table of surface data 

• Graphs demonstrating grourxl data trends 

5 Discussion 

6 Citations 

1 Pull up the d.ty's satellite im.icje of your location 

Depending on the computer tdciiities ava//ab/e, this can be done a numtxiv of 
ways. Most likely you will need to save the image on discs for the students to use 
during their class periods 

2 Using the satellite image, indicate the position of the cold front Also, riote the tyfx-s 
of clouds you see anc' their positions relative to tfic‘ c tdd front (are they on the 
leading edge^ trailing edcjei’ middle '’) 

Because the students need to include this information in their report, you may wish 
to use the ‘Positiof' of a Cold Front" worksheet on page 267. nr allow each group) 
to devise their own presentation format In order for tht^ students to indicate the 
position of the cold front, they may need a printout c.d the image to trace, or a maf) 
to transfer the location onto 

3 Step #2 should b(’ repeated for 2 or 3 imacjes in order to ejet a (jood ide.t of tfie 
movement associated witfi this front 

Ihe front may be moving quickly, S(,' it may ix' best f(’ cU) this with a f( w images 
captured on the same day Otherwise thra co'd front may pass tn^fore tfx' studi'nts 
have made their predictions 

4 t3riscd on the imaejes you fvrve rtnaly/ed tfius far, calc uUte tfic.' averaeje vekx ity of 
the cold front. There are a nurtitx'r of v/ays to do this Students shcruld der ide on ,r 
methexi, then shc;w all their ste()s t(.) illustrate fx'W they liave chc'sen tf) prixetd 

2li 







Decide how much informcttion sbout velocity to give your students Distances cdn be 
determined in a number of wsys, such 3S counting pixels or crectting <3 scsie based 
upon known distances. More advanced students should be made aware that the dis- 
tance between the fronts does not necessarily follow the boundaries of the pixel. To be 
accurate, they mav need to find the corner-to-corner distance across the pixel Also, 
beware that a derived distance scale may be distorted due to the Earth's curvature 

5. Using your velocity calculations, predict when this cold front will pass through your 
area Show your work. 

6, For the next few days (in some cases, hours), until the ( old fronr (passes through, 
do two things: 

a Record the following information in the table on pacje 

• cloud type - sketches or photos may f)e me luded 

• date 

• dew point (relative humidity if hygrometer is availablei 

■ time 

• pressure 

• precipitation 

• temperature 

• wind direction and sper-d 

• any other observations 

b Continue to analyze the daily (or riiorc frequent) satellite iriiages Prectiction of 
the arrival time for the cold front should be adjusted if the vt-locity of the cold 
front vanes with time. Include all of the predictions in the final rc'port 

7 After the fre nt has passed, write a discussion section thrit me ludr's the followmcj 
a A summary of the satellite observations 

• General location and movement of the front (latitude and longitud(') 

■ Velocity and arrival predictions made (discuss riny adjustriicnt made to the 
prediction) 

b A summary of the trends seen in the surface data { olk'cted 

• General trends seen in each varicible 

• Does the data match what is expected when a cold front pass(>s-’ 

• Can you explain the variables that do not match a cold front'’ 
c A discussion of the similarities and diffc'rence's betw'een a ruv.) h 

• Was your prediction accurate^’ Why or why not'’ 

• Do the cloud types seen in botfi data sets ccjnekite'’ Why or why not'’ 

• How accurate is this method of prediction'’ 

• What could be done to ensure a rnorc' acnir.ite fjiedution (discuv. at kw,t 
two options)? 



Variations on this Lesson; 

I Limit tfie study to just cne rar two vanatik's, as ,rp[)rn( iri,rte m i jr.u le level 
7 Stagger the' due dates fcjr ttie rei len ts to (-nsi ire ttiat tt le stodt'nts do not fall bet > ' h 



3 

't 



and become overwhelmed 

Require peer editing of a rough draft of the' report 
Use other phencjrTten.r in (tlac e of a 1 1 )id front e () 



,1 tf(ii)i( a' stomi tu'oing mtti ,i 



tiurricane 

Have students from period to fieriod rotlaboi.rte thrs' surface data to ..titaii' a 
more accurate picture of surface activity 



A. 







tudent Activities 

Written Report 

StiJcJcnts .ire exper ted to totfi in ,i written repctrt tti.it inriuctt'-. tht> tollow-mfj sections 
I Title p.uje - n.imes of cjioup memtx'rs ond dotes of study 

/ Intrrjdur tion ■ sumniHry of wti.it you know otiout cold fronts (inrludf* c I'.ttK.'ns) .tnd 

ri I hr f it )j( ti'. (.’ f Tf y'0[,;r r(,;'fK)rr 

^ \1r:t‘ruls fnt/ttiuds 
•1 [Jrfr 

• Inf. 'i-eotion i. < )!ir( te:i f’eei the seteil;!e i'e.ujr, ,fu lud.n.i tOr p.,sit.' ; ■ .f e 
(dldtfont 

• li( [('(1 u‘l( K ity ( )! thr fr^nt 

• l.^t)ir Mf (. (jjfj 

• ( ]f<u-Ms (lrmi)fv,tr<uinij (jf< )unrj d.^tr :r -tT, jp 
S [ );■•/ sh )M 

h C imirns 

Observation of the Front 

^ Ot)tr!n VH' dr; , s<frrllirr irnrijr 

/ Us!M:j fhr irnrcjr, iriittcrlr th,r |)rsitiofi of tfu- C( rid fforit <nid c * )r'if)i<.‘tr Ihv < f -n 
()rHjr P/ 1 Also, fiorr tht- ryf)rs (jf c k)uc1; you so(' rnd tfOMr ()• tsi:N ,.ns rrlrtivr f( ; [hr 
f o!fj fr-r- ;^.rr' ff'ir; on [Ir.* IrodifUj rdij('^ [rriliOfi ('dcjO'' rrdd'cd 
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■ temperature 

■ time 

■ wind direction and speed 

■ any other observations 

b Continue to analyze the daily (or more frequent) satellite images. Prediction of 
the arrival time for the cold front should be adjusted if the velocity of the cold 
front varies with time. Include all of the predictions in the final report. 



After the front has passeef, write a discussion section that includes the following 

1 A summary of the satellite observations. 

■ General location and movement of the front (latitude and longitude) 

■ V'elocity <ind rimval predictions made (discuss any adjustment made to the 
t)ieclic tion) 

7 A summary of [he trends seen in the surface data > ollected 

■ ( leneral trends seen in each variable 

■ Does the data match what is expected when a cold front passes? 

• C.:an you ('xplain the variables that do not match a cold front? 

3 A discussion of the similarities and differences be^veen and b 

■ Was y(.iui prediction accurate? Why or why not? 

■ Do the cloud t^'pes seen in both data sets correiatef’ Why or why not? 

■ I losv accurate is this method of predic tion? 

■ What could be c.lonc‘ to ensure' a more' .rccurate arediction (discuss at least two 
t )f)tionsr^ 









A Cold Front Passes 
Table of Surface Data 




names — 




Position of the Cold Front 
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Will There be a Rain Delay? 



Authors: 

Terrence Nixon, Maryland Science Center, Baltimore, Maryland 
Sandra Steele, Pikesville High School, Baltimore, Marylahd 
Sushmita Vargo, Washihgtoh Ihternational School, Washihgton, DC 

Grade Level: 9-12 

Objectives: 

Using satellite images, students will be able to: 

1 . Identify general cloud types, 

2. Identify areas of precipitation based on the locations of appropriate cloud types, 

3. Identify areas of low pressure and frontal boundaries based on cloud patterns, and 

4. Predict weather based on analysis of visible satellite images and other weather 
information. 

Relevant Disciplines: 

Earth and space science, geography, meteorology, marketing, business 

Time Requirement: 

One class period 

image Format: 

APT or GOES images. Use images from different time periods so student predictions 
will vary. 

Prerequisite Skilis; 

Students should be familiar with elements of mid-latitude cyclone development. This 
could be the culminating activity' for a weather unit. 

Vocabuiary; 

cloud types, cold front, pressure systems, warm front, weather symbols 

Materials: 

1 . APT or GOES visible images (1 visible image per pair of students) 

2. Outline map of the United States 

3. Student handout 




/ / / 



ctivities 







1 . Distribute to each pair of students: 1 visible satellite image, I political map, 

I student worksheet 

2. Explain that the first game of the world senes will be played in Baltimore (or your 
city or nearest city with a team) tomorrrjw and that they are the meteorologists 
responsible for predictirig the weather Note, you may wish to reword the activity 
to reflect your location and team. 

3. Allow the students 20-25 minute^ to disr riss and answer the w-orksheet questions 
in pairs. 

4. Have students share their predictions with the class. Insure that each group can 
back up their predictions by asking questions concerning cloud identification, front 
location, etc. Allow other students to ask questions 

5 Instead of forecasting game day weather, have students forecast weather over a 
holiday (will it snow on Thanksgiving, rain on Memorial Day etc.?). 

6. Verify the forecasts by using weather information from newspapers or TV 

Extension; 

Track and compare Farmer's /MmBnsc foiccasts with local weather 




/ / \ 



Will There 



A Rain Delay? 




tudent Worksheet 

Objective; 

The Orioles have won the American League Championship. The series will be played in 
Baltimore at Camden Yards. Your objective is to predict the cloud cover and precipita- 
tion condition for the World Series game that will be played tomorrow by analyzing 
the satellite image. 



Materials: 

1 . Visible satellite image 

2. Outline map of the United States 




ctivities 

Observe the satellite image and complete the following questions: 

! . What large scale cloud type is associated with a low pressure system? 



2. Can you find this cloud shape on the image, and determine its location on your 
outline map? Label this location with the symbol for low pressure ( L ). 

3. What image patterns are associated with thunderstorm activity? Comment on the 
characteristic gray shade and shape. 



4 Find these thunderstorm images on the satellite image and label them on your out 
line map using the thunderstorm symbol ( K’ ). 

5 Shade in the area on your outline map which contains a concentration of ( in’ ) 
symbols. 



6 On the outline map you have just labeled, and using the satellite image, identify a 
geographic location of a cold front Label this on your map with the symbol for a 
cold front ( ^). 

7, 1 oc ate Baltimore on the outline map. Label it with a dot ( • ). 

8, Comparing the satellite image on your labeled map, predict the cloud cover and 
precipitation in Baltimore for tomorrow, World Series Day. 



( 
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figure 97i. NOM 10, March 28, 1994 

infrared image courtesy of G. Chester, Smithsonian Institution, 
Albert Einstein Planetarium 



1 ■ 









linie thunderstorms 




figure 97a. NOAA 1 0, March 28, 1 994 

image courtesy ofG, Chester, Smithsonian Institution, 
Albert Einstein Planetarium 



visible image - counterpoint to figure 97i 

Images on computer will more clearly display tempeiature gradients and far ilitate 
assessment of the infrared image 
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fiqure 98i NOM 1 0, March 29, 1 994 

infrared image courtesy of G Chestc'r SrTTithsoni,in Institution, 
Albert F.instein Planetarium 




Ci on edges of thunderstorm 

ficjLjrc 98 i. NOM 10, March 29, 1994 

image courtesy of G Chester, Smimsonirin Institution. 

Alt)ert Einstein Planetarium 

visihic iiTiatje- t (.)unt('r[X.Jint to imacje ? 

ItTirtcjes on computer will more dearly display tempeiatum cjiadients arict fac.ilitcUc 
,issc’ssment of the infrarr'd imatjt' 
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Seasonal Migration of the ITCZ 



Authors; 

Mary Ann Bailey, Crossland High School, Temple Hills, Maryland 
Terrence Nixon, Maryland Science Center, Baltimore, Maryland 
Sandra Steele, Pikesville High School, Baltimore, Maryland 
Sushmita Vargo, Washington International School, Washington, DC 

Grade Level: 9-12 

Objectives; 

Students will be aole to: 

1 . Identify the ITCZ on a satellite image, 

2 Describe the fluctuatiori of the ITCZ, and 
3, Hypothesize why the ITCZ shifts in position. 

Relevant Disciplines: 

Earth and space science, meteorology, geography 

Time Requirement: 

One class period 

Image Format; 

GOES 

Prerequisite Skills: 

Students should have knowledge and understanding of the following: 

! Latitude 

2. Global wind patterns 

3, Process of cloud formation 

4, Seasonal shifts in the sun's direct rays 

Vocabulary; 

cloud, convection, convergence, equator, intertropical convergence zone (ITCZ), 
latitude thunderstorm, the Tropic of Cancer, the Tropic of Capricorn 

Materials; 

1 GOES infrared images showing the ITCZ at different times of the year 

2 World map 

3 Blrink transparencies 

4 Colored transparency pens 
[y Rulers 

d RafX'i towels 
/ W. it( 'r 



A./ 




/ 
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ctivlties 



1 . Organize the class into groups of two for a pair-share activity. 

2. Review the global wind patterns by asking students what they would expect to see 
on a satellite image at areas of convergence and divergence. 

3 Distribute to each group of two the fci,' owing materials: GOES image and two blank 
transparencies, world map, two different colored transparency pens, work sheet. 
Alternating groups should have GOES images for opposite seasons of the year. 

4. Direct the students to complete steps #1-3 ori their worksheet. 

5. Pair each group with anott'o-r group that has a GOES image for the opposite 
season of the year 

6. Complete steps #4 and #5 of the procedure with the class. 

Extension; 

Compare seasonal rainfall data for cities in the ITCZ 



Observing the ITCZ 





air-Share Worksheet 



Objectives: 

1 . Review the location of major lines of latitude, 

2. Locate the intertropical convergence zone by observing where and when thunder- 
storms occur in the tropics. 



Materials: 

(per groups of two) 

1 . GOES image and Lwo transparencies 

2. World map 

3. Two colored transparency pens 



Procedure: 

I Label one transparency sheet # | and the othei- 



2 On the transparency sheet labeled # i . use one n/JoreC transparency pen to do the 
following: 

a. Draw lines to identify and then label the equator, the Tropic of Cancer, and the 
Tropic of Capricorn, Be sure to move transparency sheet #2 out of the way 
when your marking on sheet U I 

b, Mark the location of the compass pomt.s !N, S, E, Wi 
c Mark your geographical location (home; with an '/ 



3 Answer the following questions 



a 

b, 

c 

d 

e 



What latitude receives direct sunligti; all year'^ 

What impact will this heating have on the surfrice anv 
What Vv'ill happen to this air? 

Is this air moist or dry'? Explain why 

On the satellite image, what cloud pattr-ms do you obseh'f' ir^ rnr- area of 
ITCZ? 

Does the position of the ITCZ change over a year? If so, .vithm w'hirh iatitudes 
IS It usually located? 




4, Label the ITCZ on transparency sheet r»2 using a dAerent color •ransparenc D^.-n 



5 Work with a group that has a different GOES image from vou'-s to answ e- thr.- 
following questions 

a Compare your image and your conclusions Do you sr-e r*,nv sm-iiianties? 
Differences? 

b Suggest reascjns 'o' the simiianties '''"'cJ/cs'C ditferenc‘''S 



6 Choose a spokesperson ‘ro'^ you*- gro .uu o 
class 



KJ 




ey. Question 3, a-f, page 282 

Pair-Share Worksheet 



3a, the tropi-al latitudes, especially 0° 

3b. Year-round direct heating of the equatorial regions causes the air to expand over 
the equatorial regions and the warmed air to rise. 

3c When the moist air reaches the "ceiling" of the troposphere (imposed by the 

stratosphere), it will be forced to diverge — moving poleward. As it moves away from 
the equator, the air cools — becoming more dense and sinks back toward Earth 



3d. moist— as a result of strong surface evaporation 



3e, tall thunderstornis, that is, cumulonimbus clouds 
3f. yes lO-^N-lO^S 
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The Intertropical 
Convergence Zone (ITCZ) 

ackground 

William F Ryan, University of Maryland, College Park, Department of Meteorology 




The general circulation of the atmosphere — the average motion of the winds around 
the globe — is driven by the differential heating of the Earth. In the simplest terms, excess 
heating near the equator causes the air to expand or swell over the equatorial regions. 
Upward motion associated with this heating is typically concentrated in a relatively nar- 
row band named the Inter-Tropical Convergence Zone (ITCZ). The satellite signature 
of the ITCZ is a band of clouds, usually tall thunderstorms (cumulonimbus), that circles 
the globe near the equator. The position of the ITCZ varies seasonally, moving north- 
ward during the northern summer and moving south during the northern winter 



Tfie ITCZ foims as a result of moist air rising under the influence of strong surface heat- 
ing. Upw'ard motion aloncj the ITCZ is limited to approximatc-'ly I 5 kilometers by the 
presence of the stratosphere 



figure 99 



differential heating (latitjdinal) 






I 



Zi 




earth 



Z - the optical path through 
Earth's atmosphere 

A = surface area 



>> 



Result: 

• longer optical path at pole 
- rriore reflection, 

absorption, scattering 

• ‘arger area per unit of 
insolation at pole 




i 
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The stratosphere, which is kept very warm by its abundance of ozone efficiently 
absorbing solar radiation, acts as a lid on the lowest portion of the atmosphere the 
troposphere. For practical purposes, all the weather that we experience occurs in the 

troposphere. 

The air that rises in the vicinity of the ITCZ must spread out, or diverge, at the top of the 
troposphere. We might initially believe that the Earth has a one-cell circulation in which 
the air lifted at the ITCZ travels’ north until it reaches the cold polar regions and then sinks 
This would be a direct way to restore the system to balance. However, due to complex 
effects, the circulation associated with the differential heating of the atmosphere is not a 
simple one-cell circulation from eguator to pole. Instead, a more complex multi<ell struc- 
ture acts to transport heat energy from the eguator to the poles. A simplified version o 
the Earth's general circulation is shown in figure 1 00, the ITCZ is located at point . 

figure 1 00. 





tropopause 




Equator 



How is energy transported poleward? 



Simplified View of General Circulation 

The rising air near the ITCZ 1 diverges at the top of the troposphere and some portion 'navels north 2 ^ 
As the air moves north it radiates energy into space and cools. As it cools it ^omes 
3 The area of sinking motion, or subsidence, occurs near SO^N. A region with strong subsidenw is typica ly 
very clear and warm with light winds. The subsiding air reaches the surface 
the northern branch traveling north 6 and the southern branch traveling ®°u'^’, *° ® 

circulation 5 . The northern branch collides with cold, dense polar air moving south 7 a^ea, rnarked 

by the cold front symbol ( ) is often the location of frontal zones and cyclonic disturbances. 



O 

ERIC 



oO J 




fiqure I 01 GOES infrared image. November 24, 1994 

image courtesy of SSEC, University of Wisconsin-Madison 
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figure 102 GOES infrared imnge, M.’v 3 1 , 1994 

im,:ige courtesy of SSEC, University of Wisconsin-Madison 
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Using Weather Satellite Images to 
Enhance a Study of the Chesapeake Bay 

Authors: 

Donald Allen, Hancock High School, Hancock, Maryland 
Dale E. Peters, Linganore High School, Frederick, Maryland 

Grade Level: 9-12 

Objectives; 

Students will be able to: 

1 . Demonstrate an understanding of the relationship between environmental 
parameters of an ecosystem and organism behavior, 

2. Demonstrate the abilit>’ to use basic math functions, 

3. Identify various geographic features of the eastern U S. using weather Sc.rellite 
images, and 

4. Explain the differences in land and water surface temperatures obtained from 
weather satellite images. 

Rationale: 

To show students how weather satellite images can be used in studying various envi- 
ronmental interactions. 

Relevant Disciplines: 

Biology, Earth science, environmental science, mathematics, English, social studies 

Time Requirement: 

2-3 class periods 

Image Format: 

APT (infrared), GOES 

Prerequisite Skills: 

! . Students should be familiar with using metric units. 

2. Students should have some experience using information obtained from weather 
satellite images. 

3. Students should be able to calculate area and find the average of a data set. 

4 Students should have a basic understanding of Polar-orbiting' and GOES satellites 
and the images they produce. 

5. Students should have a basic understanding of energy absorption and emission by 
land and water. 

6 Students should have a basic understanding of the properties of water. 

7. Students should be familiar with the Gulf Stream. 

Vocabulary: 

albedo, APT, ecosystem, geosynchronous, GOES, infrared, NOM, parameter, salinity 
sun synchronous, w'ater properties (heat capacity, specific heat) 



Materials; 

1 . Metric rules 
2 Cloud identification chart 

3. Balance 

4. Scissors 

5. Colored pencils 

6. String 

7. Student activity answer sheet 

8. Spring and fall satellite images of the eastern U.S for each pair of students 

9. Supplementary satellite images of the eastern U.S. 

10. Map of the eastern U.S. 

1 1 Map of the Chesapeake Bay drainage area for each student 
12.3 maps of the Chesapeake Bay for each student 

13. Copies of "Blue Crab" and "Striped Bass" articles for each student 

14. Cloud chart 




ctivities 

note: The d^y before this lesson is to be started, distribute the GOES weather satellite 
images and the cloud identification charts. Discuss with the class the basic features 
Illustrated in these images and the properties of water The distinction between visible 
and infrared images should be made at this time. 



Warm-Up: 

As a class, have students '(‘I'ntify tiie m,ijoi tnbut, tries tjf tht' Chesafttsikr.' Bay on then 
individual maps 

note: It is suggested that a wall map of the eastern U S be available to help the stu- 
dents identify the major tributaries of the Bay 

Students should work in pairs for the remaining activities 

] . Using the map on pacjc 294, cak ulate the ctrc'a of the Chesapeakr.' Bay w<-rtershed 

2 Using one of the maps of the Ches.ipeake Bay, calculate the.' surface rirea of the Bay, 

note: One possible way to calculate the area of the Bay is to weigh the piece of papet 
the bay map is on Have students cut out the outline of the Bay and weigh this piece 
of paper Calculate the area of the Bay using the following formula 



<trc'ri of whole ftiect' of pafjer = <tiea of the Bay 

mass of wftole (riere of ()apc'r m.tss of ait-out peer' of [)a()ei 

( 'f 

SttJdents could follow the f^r'iimeter of the H<iy with a poKe oi stinni. n'shaix' it into a 
rectangle. ,md then ili.'termini' the B<iys ana 

Have students exfdorc' otfier ideas tfiev ma' h.ive 








3. Using the satellite images containing temperature readings, calculate the average 
temperature of the land surface, the surface of the Chesapeake Bay, and the 
Atlantic coast water surface. 

4. Using the information from the salinity charts, the article on the blue crab, and the 
satellite images with temperature readings: 

• Color the area on the Chesapeake Bay map where you would expect to find 
blue crabs in the early spring; 

■ Using a different color, indicate where the blue crabs would be found in the 
fall; and 

■ Make a color key on your map. 

5. Repeat step FOUR for the striped bass population, replacing the blue crab article 
with the article on the striped bass. 

Extension: 

1 Determine the basic cloud types from the satellite images you have been given. Use 

a cloud chart and briefly discuss the possible weather conditions associated with 
cloud type. 

2 Write a letter of request seeking more information on the blue crab, striped bass, or 
other threatened species living in the Chesapeake Bay 

References: 

Chase, Valerie. The Changing Chesapeake 

Chesapeake Bay: Introduction to an Ecosystem. U S ERA 

Lee and Taggart Adapted from ‘A Satellite Photo Interpretation Key " 

Blue Crab. U S. Fish and Wildlife Service 
Striped Bass U.S. Fish and Wildlife Service 

Additional Resources: 

Berman, An' E Exploring the Environment Through Satellite Imagery 
Chesapeake day Restoration. U S Fish and Wildlife Service, 

"Mission to Planet Earth," Aviation Week & Space Technology 

National Oceanic and Atmospheric Administration (NOM) Education Affairs Division 

Reports To The Nation On Our Changing Planet The Climate System UCAR 
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A Study of the Chesapeake Bay 




name 

period 

date 

ctivity Sheet 

Please answer all of the following, except number three, with complete sentences. 
1 What IS the area of the Chesapeake Bay drainage area (km')? 

2. What is the area of the Chesapeake Bay (km )? 

3. Average the following temperatures obtained from satellite images. 



! ^ 
1 


spring 


fall 


I land surface 
1 

j 






i Chesapeake bay 






' Atlantic Coast 


j 


J 




4 



Explain you and your paitner's selection of locations with t'lue crab in spring and 
fall (the areas you colored in) Be sure to consider salinity and temperature differ- 
ences in your answer 



5. Explain you and your partners selection of locations with striped bass for spring 
and fall (the areas you colored in) Be sure to consider salinity and temperature 
differences in your answer. 




O 



6. Discuss why the Chesapeake Bay has a greater temperature gradient between land 
and water surfaces in the fall than in the spring. 



7 Typically deeper water is cooler than shallow water Why then, do the surface 
temperatures of coastal waters get warmer farther from shore, as indicated on the 
weather satellite images? 



8 What possible explanations may account for the readings of - 1 " C for land surface 
temperature on the fall weather Sritellite imaged 



Chesapeake Bay Salinity 





Salinit>': Spring and Fall: Higher river flows in spring (left) frusti h,io tfic ixcnns saltiei 
influence In autumn, drier weather diMiinishes river flow rinrl the ocorin marc hes up 
the estuary. Adapted from Cronin, The Biology of the TstUciry .i'kI VVtiite, Chcsc=ipcok(' 
Say A Field Guide 
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Map of the Chesapeake Bay 






Blue Crab 

(Callinectes sapidus) 




he Bayk Best 

One can hardly say Chesapeake Bay without a picture of the blue crab 
coming to mind. This pugnacious creature has been the honored center of attention at 
many feasts over the years. Close your eyes and you can almost smell the spicy season- 
ing. Commercial crabbers harvest roughly 80 million pounds annually and recreational 
crabbers take nearly as much. Blue crabs have a place of importance in the ecosystem. 
They help regulate the abundance of benthic (bottom) populations by feeding upon 
living and dead organisms. They serve as food for cownose rays, striped bass and blue- 
fish. When small, or in its softshelled stage (after molting), the crab is a source of food 
for wading birds and some mammals. 




ife History 

The blue crab (Callinectes sapidus) is a crustacean, 
one of a large group of animals characterized by a 
hard external shell and many jointed appendages. 
Other familiar crustaceans include lobsters, cray-fish, 
and shrimp. Blue crabs belong to a group known as 
"swimming crabs," identified by the paddle-like back 
legs. The scientific name Callinectes is a Greek word 
meaning beautiful swimmer. The st. rond part of the 
blue crab's scientific name, sapidus, is Latin, meaning 
tasty or savory. Blue crabs are omnivorous, meaning 
that they will eat just about anything, dead or alive, 
including other crabs. Living or decaying vegetation 
also comprises part of their diet. 




Zoea and Megalops 



The shell of the adult crab is dark green on top and 
white underneath. A deep blue coloring on the top 
of the large claw gives this crab the common name 
"blue crab." A crab's sex can be determined by the 
shape of the abdomen or "apron" on the underside 
of the crab. A male crab has an apron which is 
shaped like an inverted "T." An adult female's is broad 
and rounded, while an immature female's is more tri- 
angular. Red tips on the claws also indicate that the 
crab is a female. A female carrying a cluster of orange 
eggs beneath her apron is known as a "sponge crab" 
and is nearing spawning time. 




Male and Female 



A crab increases in size through periodic molting or shedding of its shell. The hard shell 
is incapable of expanding and must be shed in order for the new, soft, slightly larger 
shell to be exposed. The crab pumps water into its body to enlarge the new shell and 
within a few hours, the shell hardens. In its first stage of life, the microscopic young blue 
crab IS known as a "zoea" and lives a planktonic or free-floating existence. After molting 
about seven times, the zoea reaches a ser ond larvc stage known as a "megalops," look- 
ing like a cross between a crab and a lobster After one more molt, however, the "first 
crab, no bigger than a "BB " is revealed. The "first crab" begins migrating from its birth- 
place in the southernmost part of the estuary to tidal rivers and throughout the Bay 
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In 12 to 18 months, thejuvenile crab reaches 
maturity and measures about 5 inches from 
point to point across the back. The mating of 
the crab starts as the male crab struts about, 
posturing with his claws and walking on tip- 
toes. At the end of the courtship, the female 
turns her back to the male and may try to back 
iindeineath him. The male crawls on top and 
cradles her between his walking legs until she 
molts, <it which time mating occurs. Cradling 
insures proper timing for mating and protection 
i.’f tfie female while she is soft and vulnerable 
durincj ,ind <ifter molting. After the female's shell 
hardeiis again, the crab couple go their sepa- 
rate ways The male crabs remain in the fresher 
reaches of the Bay and its tributaries until fall, 
then move to deeper water. The female crabs migrate 
to sp<iwninq areas near the mouth of the Chesapeake Bay 
by the end of fall where the eggs will hatch the following summer 




Shedding Blue Crab 






rabs and Watermen 

Blue crabs provide a cctirnmercial resource that many wsitcamen and seafood enterpris- 
es defX'nd on for their livelihood. Starting in late April and often continuing through 
Decembc'i w,wermen set out in the pitch-black mornincj m scviich of the blue crab. As 
d.iwri brcMks, the watermen, clad in oilskin 
<t()rons and rubber gloves, mark the beginning of 
a ru'w d.iy by kicking their hydraulic "pot-pullers" 
into motion With gaffs in hand, they pull in the 
(• rat) pots filled with the adult female that prevail 
iri the southern Bay, Moving to deeper waters 
itie watermen harvest the larcjer male crabs As 
winter af)f)ro.iches, the blue crabs conceal thern- 
•.fives in the tsottom mud. In the southern Bay, 
tfie most determined watermen then resort to 
diedpijng ttip bottom for the si 'cculent tre.isurc> 
because scarcity t)rinc]S higher prices. 




W.ttermen 




esource at Risk 



M.ia.n, i in the- 10 'd)s, tlie harvest cjf cr,it)S stc'adily incic'ased Inr "'anv years, due- in 
iM'i 1 , 1 ioc rnased fishincj in 1 970, however, a downwsiid tic'nd f)ecj,in .ind tfie t)luc' 
r Ml Mate h dro()fH'd thioLicjfiout the Bay In 1980, the' tiend aejain c fiaiicjed and tfie 
1 , 1 , , !,:t) luivest inciea'"(1 No one knosvs for (c'rtain -wtiar condirior’s mfluenct'a 

I '.(.ittn. j yaai ni a , >oi c ate ii ye.ir ft le tempi u. iiv boi ii i!\ ■ it this \\ )i -c ii 'S i Ii >es not 
111,1 k ,i!f ttial It I II Ific' B.iy h,is no fuotilems 
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Biologists cire now studying the blue crab to understand how its numbers are affected 
by a deteriorating Bay environment. One factor which has been found to have a defi- 
nite impact on the crab's habitat is nutrient pollution. High discharges or runoff of 
phosphates and nitrates from sewage plants and farm fields causes overfertilization cf 
water wh ch, in turn, leads to massive algal blooms. When these free-floating, micro- 
scopic plat ts die, they decomf^jse, leaving the water low in dissolved oxygen Areas of 
low dissolved oxygen are increasing in the Bay. When water containing a low amount 
of dissolved cxygen is pushed toward shore by winds, crabs will avoid it, even to 
the extent of rur^ning onto land, a phenomenon known as a "crab war " 



The blue crab popi 'ation is not in serious jeopardy at this time, as <ire populations of 
American shad ano oyster This treasure of blue crabs, however, may suffer adveisc con- 
sequences if overharvesting occurs or the quality of its water habitat deteriorates fuiThc'r 



For more information ori Chesapeake Bay rc'storation, contact, 

U,S Fish and Wildlife Service Chesapeake Bay Fstuary Program 
1 80 Admiral Cochrane Drive, Suite 8,38 
Annapolis, MD 21401 
(301) 224-2732 



'le Crab Facts 

■ Other common namt.'S fc.)r the t)lue nab inclucJe eclitjle crab, Srilly crab (ycuiiKj 
females), sook (adult females), and jimmy, jimmy cJir.k, or channek.f (large male* crabs) 

■ Female blue crabs riiate ai the time of tfieir final molt from ttu' immature' to the 
adult stage, arid then migrate tr.)W.ird tfie lower Bay 

■ The female blue crab stores tfie rTiale's sperm in specialized sac s, wlic're it r .in sur 
vive for up to a year before fertiliz.ition takes place' 

■ The feriiale cr'abs orange ecjg m<iss may c (.iritain ,' million etjejs' 

■ Out of this amazing number of e(jc)s, less ttiari one |.)er(ent will ic'acfi maturity 

■ All Maryland blue crabs t.jc'cjin tfieii lives in Vircjinia Ttic' larvae are carried out of 
tfic' bay by surface currents soon after hate hincj Salinities on tfic' continental sfu'lf 
th. 1 t range from 28 to 34 parts per tlious.ind arc' ofitimum for tfie tiny larvae Aftc'i 
6 wc'C'ks or so, mecjalopae return to trie B.iy 

■ AfU’r rear hing maturity, r rabs livi ■ , in , iver, uie of I yc ir and r, lu'ly more' than 2 '/e, irs 

■ While thc'y are in their vulner.itile sofishell sf.u ji •, 1 ilue r mbs find protei tn ni in 
under vvatc’r ( jr.iss tieds oi m sf lalk i\v \\\ iter fir im ( iier latni sik 1 1 . is fr.ti, 1 1 1 \\ ni ise 
rays, and evc'n otfu'i blire i mbs 

■ file soft sfiell rr.ib indu"’-/ tieii.in m f ir.'ield Maryl.ind in the b't/iis 

■ More t)lue cr.ibs .irc- tiaivested from C lies.ipeate B.iy tti.in .in^whc'ie else 
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U.S. Fish and Wildlife Service 

The Chesapeake Bay is the largest estuary in North America. Its waters provide food 
and habitat for an abundance of fish and wildlife. It serves as a highway for commeirce, 
a playground, a storehouse of food, and a home for the 1 3.6 million people who live 
in its vast watershed. But in recent years the Chesapeake has become less able to sup- 
port the fish and wildlife it once did. Increasing amounts of excess nutrients, sediment, 
and toxic substances are causing serious ecological problems in the Bay. Studies show 
alarming declines in species of fish and wildlife and in the habitat available to them. 

The U.S. Fish and Wildlife Service is one of many Federal, State, and local agencies and 
private organizations engaged in the Chesapeake Bay restoration program to reverse 
the damage already done, to arrest further degradation and to restore the Bay— -as 
nearly as time, technology and resources allow — to its former productivity 

As one of the primary Federal stewards of the nations living natural resources, the U S. 
Fish and Wildlife Service provides leadership in habitat and wetlands protection, fish 
and wildlife research, technical assistance, and in the conservation and protection of 
migratory birds, anadromous "shes certain marine mammals, and threcitened and 
endangered species The Service also manages more than 450 National Wildlife 
Refuges and 70 National Fish Hatcheries across the country, including more than a 
dozen in the Bay artra. 




Take Pride 



in Chesapeake Bay! 
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Striped Bass 
(Morone saxatilis) 






esource at Risk 

Since colonial days. East Coast fisherman have delighted in the strifx.'d bass, micjr.itory 
fish known for its size and fighting ability. Striped bass, often called rockfish in 
Chesapeake Bay have long been an important commercial and game fish fiom North 
Carolina to Maine, During :he 1970s and 1980s, striped bass de'clincd alarminijly, 
especially in the Chesapeake, once the spawning and nursery, ground for nearly 90 
percent of the Atlantic population. 



From a record commercial catch of 14,7 million pounds in 197.3, th(' harvt'st fliojnjA'd u„i 
I 7 million pounds just 10 ycvrrs later. Sport fishermen report an c'cjually seveie dnjp in their 
harvest The decline translated into a loss of about 7. 000 jobs and million m 1 9H0 



oauses for the decline were numerous and interwoven. They included overfishing, ,ool- 
lutictn, and the.' dc'gradation ot loss of habitat Fvecerttly, due to inifjrovr'd nirinacjemc'rit 
techniejues, a ht-rtcficry, prograiti and increased public i-iwareness, tlie strifier popi.jiati( in 
fias improved 




ife History 

The silvery, striped ,s gets its n<ime from the 7 or 8 dark, conrinur.tu', lint's . ilencj tfie 
sides of Its body. Most strifDt.'d bass weighing more than 30 pounds ,ne ft male Tfie fish 
can weigh up to 1 00 pounds and reach nc-'arly five feet in length! 



Striped bass sp<iwn in fresh water but spend most of their adult lives in rfu' ocean 
On the Atlantic coast they range from the St. Lawrence River in (dnsida to l lr .iridas 
St, Johns River althougfi they are most prcv<)lent from Maine t(.) Noith Caioliiv! 



After about 3 years, at the' juvenile stage, the females begin to micjr.ite to the or can 
where thr^ mature Tfie males tend to remain in the estuary longer tfian the fem.ilr.'s 
After 8 to 7 ye.irs, females return to spawn for the first time It Likes sever.il yr-ars for 
spawning femak's to rc'ar h full productivity. An average 6 ye.irolrf fern, ik ■ pio( lures 
fialf <1 raiillion eggs while a I 8 yc'ar-old can produce three million 



When water temperaturr' fierjins to rise in the spring, mature' fisti herjin il"eii sfMsvni.ng 
runs Most Atlantic Co.ist strifir-d bass spawn in freshwater rivers and streams uf 
Oiesapeake Bay Otfier important rircris inclurle the Hudson Rivt'r, Dr’iawaie Rr.r ■ .uv) 
rivr'rs along thr' North Camlma co,ist 



CJnc e tfie ft'riirile rleposits her eejejs, tfir’v arc 
fr.'rtili/r'tl by milt (sfit'irn) njerterl from thr' 
males Because ttiey arr' only semil)uoy,int, 
tfie erjrjs rerjuire ('noiajri wati'r flow tr.) st<ty 
suspenderl fra / nj ^ g.iys laml tficy tijt( 

larval stnperl bass rjbt.iin nutrients from tfir' 
yolk s, It for about Srlaysaftr'i h.rtrfiinrj Tfie 
l.irvrie are (lartu ularly vulnerable to fiollution, 
st.irv. ition, , irul prr 'd, itor r fur ira j tfiis star je 











ause for Concern 

The decline of Atlantic striped bass was so alarming that Congress enacted an 



From this research, scientists from the U.S. Fish and Wildlife Service, state agencies and 
universities discovered new information about striped bass to assist them in restoration. 
Careful assessment of the present stock showed that, because of overfishing, the 
striped bass population was much more susceptible to natural stresses and pollution 
Thc'y also discovered that fluctuation of water temperatures at spawning grounds is the 
most significant natural stress the fish fare. 



comoinaiion oi nign uliuh./ ch iu cniumn .... .. — j ■ . 

striped bass are also very susceptible to toxic pollutants like arsenic, copper, cadmium, 
<iluminum, anci malathion, a commonly used pesticide. Studies showed that chlorina- 
tion of effluent from sew.rqe plants and electric power stations adversely affects zoo- 
plankton, IcvKlinq: ding to starwition of newly hatched striped bass that feed on it. 

The study te.im .ilstr a.)nclud(.>d that reducing fishing pressure would have an immedi- 
ate positive' c'ffer t by enabling females with eggs to spawn An Atlantic Stares Marine 
Fisfiery Commission management plan, based party on recommendations of this stud^ 
set size <ind pound limits to rc.'duce' the catch 

In I 98S, Maryland imposed .i total moratorium on striped bass, Virginia followed by 
tjanning striped trass fishing iri sfrawning areas. Four years later. Virginia also imposed 
a total ban on stripecJ bass fishincp However, fishery managers knew that harvest 
restrictions alone- would not permanently restore striped bass to the Bay. 



ringing the Striper Back 

Under tfic- fnu'rcjency Stri(recl B,tss Restoration Act, Congress designated the Fish and 
\x/iiriiifp Servin' US the' Ic'ad federal <iqency to determine the cause of the Fishcrys decline 



Emergency Striped Bass Act in 1 979. Under the Act, a study was initiated to assess the 
size of the migratory stock, investigate the causes of decline, calculate its economic 



Importance and recommend measures for restoration. 




h conduc ted in the.' Ches<ipcakes Nanticoke and Choptank Rivers indicated that 







( jiiKj piiKjiam A centr.il d.itah.r.e, designc'd 
and man.Kjc'd by the.' Sc.'ivice, stoic.’S stcrckincj 
inform, iti( m. micji.irory d,il<i from l,u) leUirns 
,ind ottv.'i inform, ition u()on 'vSim h m.in.igc' 
IIK Tit ( If '( T.ll )l 1S .lie I ). I .('( I 



Anchor or "sjiiacjliettr taejs arc- 
inserted into juvc-nik' stii()('d b,iss 
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Since 1985, more than 190,000 hatchery-reared and wild striped bass have been 
tagged with external anchor or "spaghetti" tags. Anglers returned more than 30,000 
of these tags by 1 993. In addition, all hatchery-reared striped bass, more than 9 million 
fish in all, are tagged with tiny micro-encoded pieces of wire that anglers cannot see 
but researchers can read with specialized equipment. These hatchery-reared striped 
bass provide managers with information about population dynamics, growth and 
migratory patterns. 

In I 988, hatchery fish comprised nearly 50 percent of Maryland, land juvenile 
striped bass in some rivers like the Patuxent. Today, as hoped, wild fish far outnum- 
ber hatchery fish. Evaluations continue on the potential contribution of hatchery fish 
to depleted stocks. 

During the years of the moratorium in Maryland, fishery managers continued to moni- 
tor striped bass populations in Chesapeake Bay. In particular, the juvenile index survey 
was closely watched. Conducted annually since I 954, this survey of the young-of-the- 
year reflects the success of spawning. The striped bass management plan set a goal for 
loosening restrictions based on this index. The juvenile indices averaged from I 987 to 
1989 met the management plan goal 



In I 989, both Virginia and Maryland lifted their moratoriums on striped bass. Limited 
commercial and recreational striped bass fishing resumed 




he Future of the Fishery 



Striped bass stocks continue to gradually increase. The 1993 juvenile index was the 
highest since the survey first began. Besides the young-of-the-year index, managers 
have noted an increase in adult striped bass and in the proportion of spawning 
females, age 8 or older. This information is critical to establishing fishing seasons, 
minimum fish lengths, daily catch limits and harvest quotas. 



Since Chesapeake Bay is the primary, spawning and nursery area for 70-90 percent of 
Atlantic stock of striped bass, restoration depends on protecting and improving habitat 
and wafer quality We have much to gain from restoring striped bass and Chesapeake 
Bay; we have much more to lose if we decline the challenge. Through harvest restric- 
tions. pollution control, stocking and commitment, we can restore the striped bass to 
Chesapeake Bay. 

For more information contact 

U..S f isfi and Wildlife.' Scavice ChesafJi'ake Bay Fstuaiy Pr(Kjr,tm 
I 7 7 Admiral Cochrrtne Drive 
Anriripolis, MD 71401 
(410) 774 77 37 
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striped Bass Facts 

• 70-90 percent of the striped bass in Atlantic coast waters spawn in Chesapeake 

Bay tributaries. 

■ At one time striped bass were used to fertilize fields, so great were their numbers. 

■ Maximum weight recorded for a striped bass is 1 25 pounds; age is 3 1 years 

■ Older striped bass produce more eggs than younger fish and the eggs are of 
higher quality. 

U.S. Fish and Wildlife Service 

The Chesapeake Bay is the largest estuary in North America. Its waters provide food and 
habitat for a great variety of fish and wildlife. It serves as a highway for commerce, a 
playground, a storehouse of food, and a home for the 1 3.6 million people who live in 
Its vast watershed But in recent years the Chesapeake has become less able to support 
the fish and wildlife it once did. increasing amounts of nutrients, sediment, and toxic 
substances are causing serious ecological problems in the Bay. Studies show alarming 
declines in populations of fish and wildlife and in the habitat available to them. 

The U.S. Fish and Wildlife Service is one of many federal, state, and local agencies and 
private organizations engaged in the Chesapeake Bay restoration. Nationally, the Service 
provides leadership in habitat and wetlands protection, fish and wildlife research, techni- 
cal assistance, and in the conservation and protection of migratory, birds, anadromous 
fishes, certain marine mammals, and threatened and endangered species. 

The Service also manages more than 500 national wildlife refuges and 7 5 national fisfi 
hatcheries across the country, including more than a dozen in the Bay area. 
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figure 1 03. NOM 1 2 . Chesaf,.e.ike Bny on April 30, 1 994 

image courtesy of D Peters, I ing.inoK.' Hi(jti Sr iioni, frerleiKp Mufyl.ind 
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fKjuic m.} NOM i;, ChfS<tpeHkt' B.iy on Mcty y 1994 

im.<rj(' murtesy of D Petrrs, I inqdnorf' Hiqh Sf hool, Frvil(>n(k, M.uyMnrI 
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fi(j(ir(’ 104(i NOAA 17, C..h(>Stif)(v^ko on Mf!y 3, 1994, with tCfTipt’rrULirf's 

imciqeroiirtosynf n Pot(vs, I inqcinnre High School, Frc'rtcrick, M<uyUn(j 
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figure I 06 NOAA 12, Chesnpecike Bay on November 7, 1994, shnwmcj fiurrit .tfic 
irnaqe courtesy of D, Peters, Linganore High School, Frecleric k, Maryland 
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Glossary 




Process without transfer of heat, compression results in warming, expansion results in 
coolinr 

advection 

Horizontal transfer of any atmospheric property by the wind. 

Lara^ b”dy of air, often hundreds or thousands of miles across, containing air of a simi- 
lar temperature and humidity. Sometimes differences between masses ^ re hardly 
noticeable, but if colliding air masses have very different temperatures and humidity 
values, storms can erupt. 




air pr6ssur6 

The weight of the atmosphere over a particular point, also called barometric pressure. 
Average air exerts approximately 14.7 pounds (6.8 kg) of force on every square inch 
(or 101,325 newtons on every square meter) at sea level. See millioar 

The^ratio of the outgoing solar radiation reflected by an object to the incoming solar radi- 
ation incident upon it. 

From the Latin altum (height), the prefix is used to describe some middle height 
clouds. See clouds. 

The point on an orbital path where the satellite is farthest from the Earth's center. 




ficjurc 107. albedo 



figure 108 apogee 
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APT, Automatic Picture T'ansmission 

System developed to make real-time reception of satellite images possible whenever an 
APT-equipped satellite passes within range of an environmental satellite ground station. 
APT images are transmitted by U S. polar-orbiting TIROS-N/NOM satellites which orbit 
500-900 miles above the Earth and offer both visible and infrared images. 

argument of perigee (to) 

One of six Keplerian elements, it describes the rotation of the satellite on the orbit The 
argument of perigee is the angle from the ascending node to perigee. The angle is 
measured from the center of the Earth. For example, when to = 0 degrees, apogee 
would occur at the same place as the descending node. 

ascending node 

The point in an orbit (longitude) at which a satellite crosses the equatorial plane from 
south to north. 

azimuth 

The angle measured in tht ^Jlane of the horizon from true north clockwise to the 
vertical plane through the satellite. 
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figure 109. ascending node figure I 10. azimuth 

barociinic 

Instability in the atmosphere arising from a meridional temperature gradient 
Extratropical cyclones are associated with strong baroclinicity. 

bit 

/^ contraction of binary digit The basic element of a two-element (binarv) comouter 
language ^ ^ 

byte 

A unit of eight frits of data or memory in computer systems 

cataiog (object) number 

A five-digit number assigned to a cataloged orbiting object. This number is found in 
the NASA Satellite Situation Report and on the NASA Prediction Bulletins 






An apparent force present in a rotating system which deflects an object outward from 
the axis of rotation. 



cirrus 

See cloud. 



A belt 22,245 miles (35,800 kilometers) directly above the equator where a satellite 
orbits the Earth at the same speed the Earth is rotating. Science fiction writer and 
scientist Arthur C. Clarke wrote about this belt in 1 945, hence the name 



A visible mass of water droplets or crystals suspended in the atmosphere above Earth's 
surface Clouds form in areas where air rises and cools. The condensing water vapor 
forms small droplets of water(0.012 mm) that, when combined with billions of other 
droplets, form clouds. Clouds can form along warm and cold fronts, where air flows 
up the side of the mountain and cools as it rises higher into the atmosphere, and 
when warm air blows over a colder surface, such as a cool body of water. 



Clouds fall into two general categories: shect-like or layer-looking stratus clouds (stratus 
means layer) and cumulus clouds (cumulus means piled up). These two cloud types 
are divided into four more groups that describe the cloud's altitude. 



High clouds form above 20,000 
feet in the cold region of the tro- 
posphere, and are denoted by the 
prefix CIRRO or CIRRUS. At this alti- 
tude water almost always freezes so 
clouds are composed of ice crystals 
The clouds tend to be wispy, are 
often transparent, and include cir- 
rus, cirrocumulus, and cirrostratus. 

Middle clouds form between 
6,500 and 20,000 feet and are 
denoted by the prefix ALTO. They 
are made of water droplets and 
include altostratus and altocumulus 



cloud groups and abbreviations 



high do. is 
cirrus (Ci; 
cirrostratus (Cs) 
cirrocumulus (Cc) 

middle douds 
altostratus (As) 
altocumulus (Ac) 



low douds 
stratus (St) 
stratocumulus (Sc) 
nimbostratus (Ns) 

vertical clouds 
cumulus (Cu) 
cumulonimbus (Cb) 



figure 1 1 1 



Low clouds are found up to 6,500 feet and me ludt.* stiatocumulus, nimbostratus, and 
stratus clouds, Nimbostratus clouds are Icjw, tfiick, dark gray ( Icsucfs that produce 
steady ram or snow. Tfiey are actually the lowerinc] and thickening of altostratus 
cicjuds, and are composecJ of wafer droplets and ic e c rystals Whrm stratus clouds cem- 
tact the ground they are called fog Vertical clouds, sucli as c umulus, rise far abewe 
their bases and can form at many heicjfits C umulonimbus clouds, or thur'icferhc’ads, 
can start near the ground and soar uf) to /5,n0() feet 



cloud deck 

See satellite signature 
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cloud shield 

Vernacular term for cloudy area associated with a weather disturbance such as an 
extratropical cyclone or hurricane. In the case of the extratropical cyclone, the cloud 
shield is typically a comma form. 

cold front 

See front. 

comma cloud 

The shape of the cloud pattern associated with mature mid-latitude cyclones. 

convection 

The rising of warm air and the sinking of cool air. Heat mixes and moves air. When a 
layer of air receives enough heat from the Earth's surface, it expands and moves 
upward. Colder, heavier air flows under it which is then warmed, expands and rises. 
The warm rising air cools as it reaches higher cooler regions of the atmosphere and 
begins to sink. Convection produces local breezes, winds, and thunderstorms. 

convergence 

Over a period of time, more air flows into a given region than flows out of it. 

coordinated universal time (UTC) 

Also known as Greenwich Mean Time (GMT) and Zulu time, it is the local time at zero 
degrees longitude at the Greenwich Observatory, England. UTC uses a 24-hour clock 
i.e., 2:00 pm is 1400 hours, midnight is 2400 or 0000 hours. 

Coriolis effect 

An apparent force present in a rotary system such as the Earth. 

crest 

The highest part of a wave. Radiant energy and weather features can be described 
mathematically as waves. 

culmination 

The point at which a satellite reaches its highest position or elevation in the sky relative 
to an observer. Also known as the closest point of approach 

cumulonimbus 

See cloud. 

cumulus 

See cloud. 

decay or period decay 

The tendency of a satellite to lose orbital velocity clue to the irifluences cif atmosijbenr 
drag and gravitational forces. A decaying object eventurilly impacts the surface of the 
Earth or burns up in the atmosphere. This parameter directly affects the satellite's mean 

motion. It IS a real number measured in terms of revolutions per dav oer dav 
(REV/DAY/DAY). ■ e y r- y 
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Thfangu°? distance from the equator to the satellite measured positive north and 
negative south. 

density 

mass of a substance 



volume occupied by a substance 

Usually expressed in grams per cubic centimeter or kilograms per cubic meter. 



T^rmpeiature to which air must be cooled for saturation to ocaii; exclusive of c«r 
pressure or moisture content change. At that temperature dew begins to form, and 
water vapor condenses into liquid. 



A regarding force caused by the Earth's atmosphere. Drag will act opposite to the vehi- 
cle's instantaneous velocity vector with respect to the atmosphere, The magnitude of 
the drag force is directly proportional to the product of the vehicles cross-sectiona 
area its drag coefficient, its velocity, and the atmospheric density, and inversely propor- 
tional to Its mass. The effect of drag is to cause the orbit to 

A satellite of very high mass and very low cross-sectional area, and m a veiy g . 

may be very little affected by drag, whereas a large satellite of low mass, 

tude orbit may be affected very strongly by drag. Drag is the predominant force affect 

ing satellite lifetime 



eccentricity |e) 

One of SIX Keplemn elements, it describes the 
shape of an orbit. In the Keplerian orbit model, 
the satellite orbit is an ellipse, with eccentricity 
defining the shape of the ellipse. When e = 0, 
the ellipse is a circle. When e Is very near 1 , the 
ellipse IS very long and skinny 

ecosystem 

Entity including living and non-living parts that 
interact to produce a stable system through the 
cyclic exchange of material. 

eddy 

A small volume of fluid, embedded within a 
iarcj(.‘r fluid, that exhibits motion different from 
the xiveraqe motion of the fluid. An example of 
eddy iriotion are the circular swirls observed in 
rapid rivc'r flow 






e = 0 = > circular orbit 
0 < e < 1 = > elliptical orbit 
e = 1 = > parabolic orbit 
e > 1 = > hyperbolic orbit 
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eiectromagnetic spectrum 

The entire range of radiant energies or wave frequencies from the lohgest to the 
sfiortest wavelengths the categorization of solar radiation. Satellite sensors collect this 
energy, but w'hat the detectors capture is only a small portion of the entire electromag- 
netic spectrum. The spectrum usually is divided into seven sections: radio, microwave, 
infrared, visible, ultra-violet, x-ray, and gamma-ray. 

element set 

Specific information used to define and locate a particular satellite See Keplerian elements. 

ephemeris 

A series of points which define the position and motion of a :,atellite 

epoch 

A specific time and date which is used as a point of reference; the time at which an ele- 
ment set for a satellite was last updated. 

epoch day 

Epoch specifics the day and fraction of day for the particular description of a satellite 
orbit. This number defines both the Julian day (whole number part of the value) and 
the time of day (fractional part of the value) of the data. 



epoch year 

Epoch specifies the day and fraction of day for the particular description of a satellite 
orbit. This number defines the year that the epoch cfay describes. 

erosion 

The wearing away of the E.irth's surf, tee by any natural process, such as ram wind 
waves, and floods 

equator 

An imaginary circle around the Earth that is everywhere equally distant (90°) from the 
North Pole and the South Pole. The- equator is a great circle and defines 0° latitude. 

extratropicai cyclone 

A closed circulation--ch,irac.teristic of non-tropical regions irT the northern hcmi- 
jphtre which i(.)tat('s countt'i clockwise about a center of low pressure. 

Ferrel cell 

The middle cel! of the three-cell qener,il circulation model In rfie Nortt^ern 
Hemisphere, tlie f errc'l (cll exhibits downward motion ,it roughly 20°-T0° rxYth <md 
upw.iid motion at roughly TO' -EO" north 

forecast 

fX(.‘di( tion 

front 

A bound,uy betw'een two different air masses The difference (between two air masses 
sometimes is unnotir ivihle But when the c olliding air m,rsses h,rve very diffc'rent t(’m 
pc'rafuies and amoimts of wati'i in them, turbulent wc'arhc'r can erupt 



A cold front occurs when a cold air mass moves into an area occupied by a warmer air 
Sna at ?n speed of about 20 mph, the heavier cold air moves in a 

wedoe shaol a[ono the JouSd. Cold fronts bring lower temperatures and can create 
narrow bands of violent thunderstorms, In North America, cold fronts form on the east 
ern edqes of high pressure systems. 





figure 113, warm front 



figure 114. cold front 



A warm front occurs when a warm air mass moves into an area occupied by a colder 
Cir r^^s The warm air is lighter so it flows up the slope of the cold air below it Warrn 
fronts usually form on the eastern sides of low pressure systems, create wide areas of 
rioiid<; and rain, and move at an average speed of 1 5 mph. 



When a cold front follows and then overtakes a warm front (warm 

slowly than cold fronts) lifting the warm air off the ground, an occluded front forms 



A front that is nearly stationary with winds blowing almost parallel and from opposite 
directions on each side of the front is a stationary front. 



Dacribes ah wbit in which a satellite is always in the same position (appears station- 
aw S respect to the rotatihg Earth. The satellite travels arouhd the Earth iri the 
ame directi^^n, at ah altitude of approximately 35,790 km 

because that produces an orbital period equal to the period of Earths rotation (actually 
23 hours, 56 minutes, 04 09 seconds) 

Geostationary Operational Environmental Satellite (GOES) 

NASA-developed, NOAA-operated series of satellites that: 

provide continuous day and night weather observations, finnric 

monitor severe weather events such as hurricanes, thunderstorms, and flash floods, 
relay environmental data from surface collection platforms to a processing cen^r, 
perform facsimile transmissions of processed weather data to low<ost receiving stations, 
monitor the Earth's magnetic field, the energetic particle flux in the satellites vicinity, 
and x-ray emissions from the sun 
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GOES observes the U.S. and adja- 
cent ocean areas from geostationary 
vantage points approximately 
35,790 km (22,240 miles) above the 
equator at 75° west and 1 35° west, 
GOES satellites have an equatorial. 
Earth-synchronous orbit with a 24- 
hour period, a resolution of 8 km, 
an IR resolution of 4 km, and a scan 
rate of 1 864 statute miles in about 



The transmission of processed weather data (both visible and infrared) by GOES is 
called weather facsimile (WEFAX). GOES WEFAX transmits at 1 69 1 MHz and is accessi- 
ble via a ground station with a satellite dish antenna. 

geostrophic wind (Vg) 

Horizontal wind velocity present when the Coriolis force is balanced by the pressure 
gradient force. This is approximately true of air flow above the Earth's surface. 

geosynchronous 

Synchronous with respect to the rotation of the Earth. See geostationary. 

Hadley cell 

Single-cell model of circulation that assumes Earth is uniformly covered with water that 
the Sun is always directly over the equator, and that the Earth does not rotate 
Circulation consists of a closed loop with rising air over the equator and sinkinq air 



horse latitudes 

Latitudes 30°-35°N (or south) over the oceans, characterized by light winds and 
warm, dry conditions. ^ ^ 

hydroscopic 

Water-attracting 



One of the six Keplerian elements, it indicates the angle of the 
orbit plane to the central body^ equator. The orbital plane 
always goes through the center of the Earth but may be tilted 
at any angle relative to the equator. Inclination is the angle 
between the equatorial plane and the orbital plane measured 
counterclockwise at the ascending node. A satellite in an nrhit 



three minutes. 



figure 115. GOES 7 (left) and GOES 8 (right) 
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have inclinations of as much as 98° U S scientific satellites that study the sun are plact'd in 
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orbits closer to the equator, frequently at 28° inclination. Most weather satellites are placed 
in high-inclination orbits so they can oversee weather conditions worldwide. 



infrared radiation (IR) 

Infrared is electromagnetic radiation whose wavelength spans the region from about 
0.7 to 1 000 micrometers (longer than visible radiation, shorter than microwave radia- 
tion). In the far infrared, emissions from the Earth's atmosphere and surface offer infor- 
mation about atmospheric and surface temperatures and water vapor and other trace 
constituents in the atmosphere. Since IR data are based on temiperatures rather than 
visible radiation, the data may be obtained day or night 



insolation 

The rate of solar radiation reaching the surface of the Earth. 



international designator ^ ^ 

An internationally agreed upon naming convention for satellites. Contains the last two 
digits of the launch year, the launch number of the year and the piece of the launch, 
i.e., A-indicates payload, B-the rocket booster, or second payload, etc. 

Intertropical Convergence Zone (ITCZ) 

Area near the equator where the northeast trade winds converge with the southeast 
trade winds. Narrow bands of thunderstorms and persistent cloudiness typifies this area 



isobars 

Lines of equal pressure, usually a feature of surface weather maps. 



jet stream 

Ribbons of strong winds found in the upper troposphere. 



Julian day 

Calendar system that consecutively num- 
bers days from the beginning of the 
year. January 1 has a Julian count of I , 
February 28 is 59. This number may 
range from 1 .0 to 366.999999999 
(on leap years). 

Keplerian elements 

(aka orbital elements) 

Also called classical elements, satellite 
elements, element set, etc Includes the 
catalog number {epoch year, day, and 
fraction of day); period of ascending 
node, mean anomaly, mean motion; 
revolution number at epoch: and 
element set number. 

knot 

Unit of spc'ed of one nautical mile 
(6076 I feet) per hour 



figure 117. 




a semi-major axis, gives the size of the orbit 
e eccentricity, gives the shape of the orbit 
i inciination angle, gives the angle of the 
orbit plane to the central body's equator 
U right ascension of the ascending node, 
which gives the rotation of the orbit plane 
from reference axis 

0 ) argument of perigee gives the rotation of 
the orbit in its plane 

0 true anomaly gives the location of the 
satellite on the orbit 
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latitude 

The angle between a perpendicular at a 
location, and the equatorial plane of the 
Earth. Latitude is measured in degrees 
north or south of the equator (the equator 
is 0°, the North and South Poles are 90° N 
and 90° S, respectively). 

latitudinal temperature gradient 

See temperature gradient. 

line-of-apsides 

(aka major axis of the ellipse) 

The straight line drawn from the perigee to 
the apogee. See figure 1 08. 

line-of-nodes 

The line created by the intersection of the 
equatorial plane and the orbital plane. 

longitude 

The angular distance from the Greenwich 
(zero degree) meridian, along the equator. 

loop 

A series of images connected to form a 
movie-like view of the atmosphere. 

mean anomaly figure 118. lines-of-nodes 

Specifies the mean location (true anomaly 

specifies the exact location) of a satellite on an orbit ellipse at a particular time, assum- 
ing a constant mean motion throughout the orbit. Epoch specifies the particular time 
at which the satellite's position is defined, while mean anomaly specifies the location of 
a satellite at epoch. Mean anomaly is measured from 0° to 360° during one revolution. 
It is defined as 0° at perigee, and hence is 180° at apogee. 

mean motion 

The averaged speed of a satellite in a non-circuiar orbit (i.e,, eccentricity > 0). Satellites 
in circular orbits travel at a constant speed. Satellites in non-circular orbits move faster 
when closer to the Earth, and slower when farther away. Common practice is to com- 
pute the mean motion (average the speed), which is measured in revolutions per day. 
The number may be greater than 0.0 and less than 20.0. 

meridional flow 

Airflow in the north-south direction, that is motion along meridians 

mesoscale 

Scale of atmospheric motion that covers the range from a few kilometers to several 
hundred kilometers — .n the horizontal. Examples of meteorological effects that occur in 
the mesoscale are. squall lines, tornadoes, and sea breeze fronts. 
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mid-latitude . 

Region of the Earth between 30 ‘-’-j 0 latitude 

Sne mou Cm of . oor. a un,t of atmosphenc pressure The average atrhosphenc 
pressure at sea level is 1 ,01325 bars or 1 01 3.25 mb. 

National Aeronautics and Space Administration (NASA) ^ 

U.S. Civilian Space Agency created by Congress ounded in )o8. 9 

the executive branch of the Federal Government 

NASA's mission to plan direct, and conduct aeronautical and space ru.tivities is imple- 
PV n!w headquarters in Washington, DC, and by ten maior certters spread 

processes, analyzes, and distributes the resulting data and information 

y “'^Goddard space Flight Certter provrding the latest ort.,tal 
Ihformadon on a pLicular satellite This report gives information ,n 5 parts 
1 . the two line orbital elements, 

2 longitude of the south to north equatorial crosfsings, and 
3. longitude and heights of the satellite crossings for other latitudr.'s 

National Oceanic and Atmospheric Administration (NOAA) 

NOM was established in 1 970 within the U.S. Department of Commerce 

the safety of the general public from atmospheric phenomena and 

l,c v^lm 1 un^^^ of the Earth's environment and resourf es. NOM 

thpN itional Ocean Service, the National Marine Fisheries Servu.r, the NOAA Corps 

mpehh« snips ,“d fl.es aircraf.1, and the Office of Oceanic Atmospheric to 

NOM has two mam components: the Natiorial Wcatht r " 

National Environmental Satellite, Data, and Information Service (NF.SDISI 



riimbostratus 

See cloud. 

occiusion or occiuded front 

In a mature cyclonic disturbance, occ iusion occ uis 
when the cold front overtakes the leading w-arm 
front. The warm air that was c^hc'ad of the cold front 
IS lifted above the surface* by the* cool, dense air 
associated with the front. On weather maps, the 
occlusion IS denoted by a line that contains t.)otfi 
w.irm and cot I front symfxrK on the same side 

orbitai piane 

An imaginary fjicjantic flat filatc' r rxitainincj an 
Earth satellites orbit The orbit. rl pi.iiK* f),isse'. 
through the ( ente't of the Eaith 



orbital plane 



satellite orbit 
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parameter 

An arbitrary constant used as a reference for determining other values. 



perigee 

The point in the satellited orbit where it is closest to the surface of tf Earth. See figure 1 08 



polar orbit 

An orbit with an orbital inclination of near 90°. where 
the satellite ground track will cross both polar regions 
once during each orbit. The term is used to describe the 
near-polc ir orbits of spacecraft su( h as the USAs 
NOAA/TIROS satellite, 

precipitation 

Moisture that falls from clouds Athough clouds appear to 
float in the sky, they are always falling, ther ,vater droplets 
slowly being pulled down by gravity. Because their water 
droplets are so small and light, it can take 2 1 days to tail 
1.000 feet and wind currents can easily interrupt their 
descent. 




figure' 1 20. polar orbit 



bquid water falls as rain or drizzle. All raindroos form around 
particles of salt or dust. (Some of this dust coi aes from i„ y 
rneteorites and even the tails of comets.) Water or ice droplets stick to these particles then 

mr continue getting bigger until they are large enough to fall 

out of the cloud. Dm:^le drops are smaller than raindrops. 



raindrops actually begin as tiny ice crystals that form when part or all of a 
rirr, fh reezing. As the ice crystals fall inside the cloud, they may collide with water 
droplets that freeze onto them (when the water vapor changes difectly into ice-withou 

deposition). The ice crystals continue to grow larger until 
large enough to fall from the cloud. They pass through warm air melt, and fall as raindrop 

When ice crystals move within a very cold cloud ( 1 0 “F and -40 "F) and enouah water 

drop^ts freeze on'o the ice crystals, snow will fall from the cloud If the surbice temperriturf 
IS colder than 32 “F the flakes will land as snow tcmporaturf 



Precipitation Weights. 

one raindrop 000008 lbs 
one snowflake .0000003 lbs 
one cumulus cloud 1 0,000,000 lbs 
orie thunderstorm 1 0, 000, 000, 000 lbs 
(jne hurricane 1 0,000,000,000,000 lbs 



pressure gradient force (PGF) 

forces exerted by differences iri pressure within ,i fluid In ifi(' 
direc ted frurr' fugh pressure regions toward low (.rressurc' rc'tjicns 
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radiation 

f ruvcjy transfer in tht' fr'rm of (’lectrcirnac^netK 
when ,)t)sorbed hv an (jt,)jec t 



waves or (rartic |(-s (h.tt mlrase i ru'rgc, 
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A balloon-borne instrument that measures pressure, temperature, and moisture in the 
atmosphere, and transmits these data back to Earth. 



Remore-sensirio^nst. uments work by sensing radiation that is naturally emitted or 
reflected by the Earth's surface or from the atmosphere, o^ by sensing signals transmit- 
ted trom a satellite and reflected back to it. In the visible and near-infrared 
reqions surface chemical composition, vegetation cover, and biological properties o 
surface matter can be measured. In the mid-in, rated region, geological formations can 
be detected due to the absorption properties related to the structure of silicates. 



The ability to separate observable quantities. In the case of imagery, it describes the 
area reprLented by each picture element (pixel) of an image The smaller the area rep- 
resented by a pixel, the more detailed the image. 



retrograde orbit , ..l, r- 

Satellite motion which is opposite in direction to the rotation of the Earth. 

revolution number ,. . 

The number of revoli 'fi ans the satellite has completed at the epoch time and date. This 

number is entered as an integer between 1 and 99999. 

An arna of relatively high atmospheric pressure generally associated with a clockwise 
(anticyclone) cun/ature of the troposphere. 

ridge axis . , 

A line perpendicular to the center, or area of maximum cun/ature. of a ridge. 

right ascension of ascending node |t2) 

One of the six Keplerian elements, it indicates the rotation of the orbit plane froni some 
reference point Two numbers orient an orbital plane in space; inclination is the first, 
this IS the second. 

After soecifvinq inclination, an infinite number of orbital planes are possible. The inter- 
section of the equatorial plane and the orbital plane (see diagram, line-of-nodes) must 
be specified by a location on the equator that fully defines the orbital plane. The line of 
nodes occurs in two places. However, by convention, only the ascending node (where 
the satellite crosses tfie equator going from south to north) is specified. The descend- 
ing node (where the satellite crosses the equator going from nerfh to south) is not. 
Because the Earth spins, conventional latitude and longitude points are i lot used to 
seijarate where the lines of node occur. Instead, an astronomical coordinate system is 
used known as the nght-ascension/declination coordinate system, which does not 
spin with the Earth Right ascension of the ascending node is an angle, measured at 
the center of the Earth, from the vernal equinox to the ascending node. For example, 
draw a line from the center of the Earth to the point where the satellite crossed the 
(xiuator ((joing from south to north) If this hne points directly at the vernal equinox, 
then - 0" i2 is a rivil nt imber with a range of degrees 0 0 to 360.0 degrees 
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salinity 

A concentration (as in a solution) of salt. 

satellite imagery 

Pictorial representcition of data acquired by satellite systems, such as direct readout images 
from environmental satellites An image is not a photograph. An image is composed of two- 
dimensional grids of individual picture elements (pixels). Each pixel has a numeric value that 
corresponds to the radiance or temperature of the specific ground area it depicts. 

satellite signature 

The cloud shape, or cloud deck associated with a particular weather phenomena as 
observed by satellite. For example, the comma cloud is the characteristic signature for 
an extratropical cyclone. 

sateiiite situation report 

Report published by NASA Goddard Space Flight Center listing all knov^n man-made 
Earth orbiting objects. The report lists the catalog number, intern^tion,^l designator, 
name, country origin, launch date, orbital period, inclination, beacon frequency, and 
status (orbTing or decayed] 

stationary front 

See front. 

stratus 

See cloud. 

subsidence 

Descending air motiorT 

subtropical latitudes 

Region of the Earth between roughly latitude. 



sun-synchroncus 

Describes the orbit of a satellite that provides consistent lighting of the Earth-scan view 
The satellite passes the equator and each latitude at the same time each day For exam- 
ple, a satellites sun-synchronous orbit might cross the equator twelve times a day each 
time at 3 00 p m local time The orbital plane of a sun-synchronous orbit must also pre- 
cess (rotate) approxim.itely orie degree each day, eastward, to keep pace with the 
Earth's revolution around the sun 

synoptic scale 

Scale of atmospheru nujtujn ttiat covers ttie range of hundreds of kilometers to several 
thousand kilometers in the tiori/ontal An (.‘xample of synoptic scale meteorological 
phenomen,' are c'xtrafropic al eye lones and tncjfT pressure systems. Compare with 
mcscscalc. 



temperature 

A rnevisure of me fieat energy in a subsMnt e flie merre hcvU enerejy in the sulistanre, 
the higher tfie tempcaaturtc Ifie Earth receives only one two-billionth of the energy the* 
sun produces Mur h of the.' c'nerriy that tuts the Earth is reflected back into space. Most 
of tfi(’ c'rit'rcjy th.it isn't reflectarl i', , itrsrjrlrrvj |,y the E.irtfi's surface As the Eartfi's surface 
warms, 'i ,ilso warms the air atrove it 
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temperature gradient 

Rate of change of temperature. 



In this text, the gradient is assumed to be horizontal. 



Local storm resulting from warm humid air rising in a continually unstable environ- 
ment. Air may start moving upward because of unequal surface heating, the lifting o 
warm air along a frontal zone, or diverging upper-level winds (these diverging winds 
draw air up beneath them). 

The scattered thunderstorms that develop in the summer are called air-mass thunder- 
storms because they form in warm, maritime tropical air masses away from vyeather 
fronts. More violent severe thunderstorms form in areas v/ith a strong vertical wind 
shear that organizes the updraft into the mature stage, the most intense stage of the 
thunderstorm. Severe thunderstorms can produce large hail, forceful winds, flash 
floods, and tornadoes. 



pTr^fte'nt winds that blow toward the ITCZ at an angle determined by the Coriolis force. 



tropical cyclone , „ 

Closed circulation's that rotate counter-clockwise in the Northern Hemisphere around 
low pressure centers and originate over the tropical oceans. This category includes 
tropical depressions, tropical storms, and hurricanes 



tropopause 

Marks the limit of the troposphere and the beginning 



of the stratosphere 



troposphere 

The lowest layer of the atmosphere, extending from the 
kilometers above. 



surface of Earth to 



10-15 



An area of lower pressure. On weather charts, a trough is the southern most portion of 
a wave. 



trough axis , ^ , 

A line perpendicular to the center, or area of maximum cur\'ature, of a trougn 



true anomaly 

One of SIX Keplerian elements, it locates a satellite on an orbit True anomaly is the true 
angular distance of a satellite (planet) from its perigee (perihelion) <is seen from the 
center of the Earth (sun). 



velocity 

Rate of motion; speed in a particular direction. 



vernal equinox ^ , 

Also known as the first point of Aries, it is the point where the jun trusses the Earths 
equator going from south to north in the spring This point in space is essentially fixed 
and represents the reference axis of a coordinate system usc'd extensively in astronoriiy 
and astrodynamics. 
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visible 

That part of the electromagnetic spectrum 
to which the human eye is sensitive, 
between about 0.4 and 0. 7 micrometers. 

warm front 

See front. 

warm sector 

Region bounded by cold front to west, 
warm to the north and east, and character- 
ized by fair weather with warm and moist 
conditions. 

wavelength 

The physical distance of one wave repeat. 



one 

wavelength 
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cImf sky, no clouds 


Stationary front 


0 

2/10 -3/10 cloudy 


cold front 


0 


warm front 


helf the sky 
covored with clouds 


Ri 
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thundarstorm 


compistoly overcast 


light snow 


• • 

light rain 

• 




• • 


modarata snow 


moderate rain 




• 

• • 
• 




heavy rain 


heavy snow 



figure 121. figure 122. weather symbols 

weather symbols 

Symbols used in the text are illustrated in the chart. 



wind 

A motion of the air, especially a 
noticeable current of air moving in 
the atmosphere parallel to the 
Earths surface. Winds are caused 
by pressure differences — as modi- 
fied by such effects as the Coriolis 
force, the condensation of water 
vapor, the formation of clouds, the 
interaction of air masses and frontal 
systems, friction over land and 
water, etc Large scale pressure dif- 
ferences are driven by unequal 
heating and cooling of the Earth 
and atmosphere due to absorbed, 
incoming solar radiation and 
infrared radiation lost to space' 
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prevailing westerlies 
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high pressure 

north^t trades ^ ^ ^ 

low pressure 
high pressure 



0 horse 
latitudes 



0 doldrums 



30 



0 horse 
latitudes 
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cIcDud condens.ition nuclei (CNN), 4 7 
cloud d('Ck, 39, 48 
c loud fevrtures, 44, 246-248 
c loLifl formation. 44 

diagram 47, 4 7 
(. loud sfiield, 55, .3 1 4 
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coastal storms 57 
coaxial cable, 121-122 
diagram, 122 

comma cloud, 15, 22, 25, 27, 29, 44, 54, 314 
diagram, 13 
image, 1 5, 40, 41 
Communications Subsystem, 82 
compressed file, 62 
condensation, 44-46, 48 
contrails, 46 
convection, 35, 47, 314 
clouds, 59 

convergence, 47-48, 314 
Coriolis Effect, 21, 27-29, ^14 
diagram, 2 1 

cyclone, 13, 14, 31, 34, 37 
associated clouds, 5 1 
diagram, 36, 37 

extratropical, 9, 12-14, 16, 24, 27 29 
31, 36-38 
image, 23, 42, 43 
tropi' al, 13 

cyclone cloud shield, 55 
cyclonic circulation, 35 
cyclonic disturbance, 22, 29, 32, 55 
Data Collection System (DCS), 78 
Datalink Remote Bulletin Board System 
115, 125 

Defense Meteorological Satellite Program 
(DMSP), 73 

dew point, 45-47, 315 
dew point temperature, 45 
diagram, 45 

differential heating, 1 7, 1 9, 284 
diagram, 1 7 

direct readout, 2, 92-94, I 50 
channels, diagram, 94 
equipment vendors, I 36 
uses of, 5, 93 

Direct Sounder Broadcast (DBS), 84 
divergence, 36 

diagram, 36 
downconverter, I 2 I 
drag, 3 1 5 

Earth Observing System (EOS), 3 
Earth Probes, 4 
Earth rotation, 20 
Earth station, I ! 7 
eccentricity. III, 315 
diagram, 3 1 5 
ecosystem, 3 I 5 



eddy, 25, 315 

Educational Center for Earth Observation 
Systems, 135 

Educational Resources Information Center 
(see, AskERIQ 

electromagnetic radiation, 69, 70 
electromagnetic spectrum, 69, 95, 235, 316 
diagram, 69 

electromagnetic waves, 69, 71, 95 
electronic bulletin boards, I 1 5 
Eliassen, Arnt, 25 
emissivity, 69 
energy imbalance, 1 7 
environmental lapse rate, 1 92 
environmental satellites, 2, 92 

(also see. Geostationary Operational 
Environmental Satellites, TIROS-N] 
diagram, 9 
frequencies, 96 
of other nations, 99 
types, 9, 72 

ephemeris data, 112-113, 116 
diagram, I 13 
equatorial plane, 72 
exosphere, 1 9 

diagram, 19 
feedhorn, 119, 121 
Ferrel cell, 1 9, 20, 22 

diagram, 1 9, 20 
Ferrel, William, 20 

file transfer protocol (ftp), 61, 141, 143 
First Law of Thermodynamics, 48 
fog, 46, 54, 199 
forecast, 26, 97, 98 

activity, 161, 274 
impacts of, 98 

satellite-delivered weather, diagram, 97 
Franklin, Ben, 67 
freezing rain, 57 
frequency, 69 
friction, 27, 29, 3 I 
diagram, 3 1 
frontal zone, 30, 3 I 
fronts, 14, 24-26, 42, 316 
activities, 223, 265 
boundaries, 14, 43 
cold, 14, 24, ?6, 37, 38 
diagram, 27 
polar, 20 

stationary, 25, 3 3, 37 
warm, 14, 24, 26, 3 7 
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Galilei, Galileo, 67, 107 
gamma-ray waves, 235 
general circulation (see, atmosphere) 
geostationary, 9, 1 19, 317 

(also, see environmental satellites, types) 
coverage, diagram, 83 
paths, 1 50 

Geostationary Operational Environmental 
Satellites (GOES), 9, 74-82, 9 ; 96, 121, 
258, 317 

background, 258 

comparison with polar-orbiting satellite, 
91 

coverage, 83 
frequencies, 96 
GOES 7, 74-78 

GOES diagram, 75 
GOES elements, 76-78 
GOES image, 10, 12, 286, 287 
GOES l-M satellite, 79-82 
GOES l-M diagram, 79 
GOES l-M elements, 79-82 

GMS, 74 

Globe Program, The 126 
geostrophic wind assumption, 27-28, 318 
diagram, 28 
glossary, 3 1 1 -326 
gopher, 143 
gradient wind, 30 
diagram, 30 

gravitational constant (G), 

Greenwich Mean Time, 63 
ground station, 117, 119, 
components, 1 1 9 
configuraton, diagram 
Hadley cell, 19-20, 22, 318 
diagram, 1 9, 20 
Hadley, George, 20 
heat energy, 17, 19, 20 
heat island, 2 1 5 
hertz (HZ), 71, 96 
Hertz, H''inrich, 71 
heterogeneous field of view. 

High Resolution Picture Transmission (HRPT) 

■ 94, 96 

horizontal divergence 29 
diagram, 30 
horse latitudes, 20, 318 
hurricane, 1 3, 59, 259 
aftivity 25/ 
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1 50 



1 19 
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analysis chart, 264 
background, 259 
image, 60 
hygroscopic, 47 
hypertext, 144 
imager, 70, 258 
inclination angle, 1 1 1 
infrared imagery, 49, 50, 95, 192 
activity, 190, 233 
infrared waves, 235 
INSAl, 99 
interference, 1 22 

International Weather Watchers, 1 35 
Internet, 1 2, 3 1 , 6 1 , 1 34-1 35, 1 40-1 45 
Internet Society, 135, 141 
Inter-Tropical Convergence Zone (ITCZ), 17-21 
35, 284 

activity, 280 
background, 284 
isobars, 1 4, 27, 29, 3 1 9 
ITCZ, see l^tertroplC^I Convergence Zone 
jet, 33 
jet core, 34 

jet streak, 34-37, 43, 63 
diagram, 35 

jet stream, 22, 33- 37, 55, 63 
diagram, 33, 35 
Kepler, Johannes, 1 09 
Keplers Three Law's of Motion, 109-110 
Keplerian Elements, 111-112, 115, 1 25, 3 19 
latent heat of condensation, 49 
latitudinal temperature gradient, 33 
lifting, 46 

line of apsides, 1 1 1 
login, 6 1 
Loop, 63, 320 

activity, 255 
low pressure, 27, 37 
MAPS-NET, 2 
mass mixing ratio, 44 
McMurdo, Antarctica, 72 
meridional flow, 20, 320 
rnesoscale,M4, 57, 320 
Mesoscale Convective Complex (MCC), 57 
diagram, 58 

Mesoscale Convective Systems (MCS), 57 
mesosphere, 19 

diagram, 1 9 

meteorological satellites (see, environmental 
satellites) 
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METEOR, 99, 112 
meteorograph, 31 
METEOSAT, 74, 121 

METSAT (see, U.S. Operational Meteorological 
Satellite Program) 
mget, 62 
microwaves, 235 

mid-latitude cyclone (see, extratropical) 

millibars, 44, 321 

Mission to Planet Earth (MTPE), 3 

mixing cloud, 46 

model, 3, 16 

momentum, 108 

change of, 108, 321 

National Aeronautics and Space Administration 
(NASA), 73, 92 

NASA Education Satellite 

Videoconference Series, 1 28 
NASA Goddard Space Flight Center 
(GSFC), 73 

NASA Prediction Bulletin, 321 
NASA Spacelink, 116, 125, 128 
NASA Teacher Resources, 129-131 
Central Operation of Resources for 
Educators (CORE), 129 
Regional Teacher Resource Centers 
(RTRCs), 129-132 
NASA Television, 1 29 
National Air and Space Museum, 1 26 
National Center for Atmospheric Research 
(NCAR), 126 

National Environmental Satellite, Data, and 
Information Service (NESDIS), 73, 97 
National Oceanic and Atmospheric 

Administration (NOM), 73 92 112 132 - 
133,321 

National Weather :^ervice (NWS), 97 
River Forecast Centers, 1 39 
Weather Forecast Office Locations 
137-139 

Newton, Sir Isaac, 107 
Newtons Laws, 28, 107-108 
of Motion, 108 
of Universal Gravitation, 107 
noise, 59, 188 
northeaster, 55 
northern mid-latitudes, 9 
occlusion, 25, 321 

occlusion stage, 25 
orbit, 105. 110 



diagram, 110, III, 112 
paths, 150 
orbital data, I 12-1 16 
orbital elements, I 13 
Orbital Information Groups (OIG), I 1 4 
orbital mechanics, 105 
ozone, 18 

parabolic reflector, 1 2 1 
partial pressure, 44 
passive instrumentation, 70 
perigee. III, 322 
PGF see pressure gradient force 
photons, 235, 236 
pixel, 92, 192, 203, 267 
polar front theory, 24-3 1 
diagram, 24 
polar jet stream, 31,34 
polar-orbiting satellite, 9, 16 72 91 92 94 
96, I 19 

comparison with GOES satellite, 91 
coverage, diagram, 90 
frequencies, 96 
image, 11,12 
other nations, 99 
paths, I 50 
polarization, 69 
precipitation, 322 
prevailing westerlies, 20, 2 1 
diagram, 31 
pressure, 29 

high, 29 
low, 29 
trough, 25 

pressure gradient force (PGF), 27, 29, 322 
radio frequency (RF), 122 
radio frequency, 71 
diagram, 71 
signals, 71 
spectrum, 71 
radio meteorograph, 25 
radio waves, 235 
radiometer, 70 
radiosonde, 25, 31, .323 
Red Cross, 123 
relative humidiLy, 46 
remote sensing, 2, 26, 65, 67, 32 3 
resolution, 12, 92, 323 
ridge, 13, 28 29, 37, 323 
ridge axis, 13, .323 

right ascention of the ascendiricj 11,32 3 
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satellite, 9 

satellite image (also see GOES image, polar- 
orbiting image), 150, 324 
simulating, 203-204 
satellite signature, 13, 324 
satellite tracking programs, 1 1 6 
saturation, 44 

saturation pre sure (es), 44-46 

scatterometei, 70 

Science Content Standards, 1 

sea surface temperature (SST), 47 

Sea-Viewing Wide Field Sensor (SeaWiFS), 4 

semi-major axis, 1 1 1 

sensors, 70 

short wave trough, 32-34, 37 
diagram, 32 
sleet, 57 

small scale disturbances, 32 
snowfall, 57 
solar radiation, 18, 95 
sounder, 70, 258 

Space Environment Monitor (SEM), 258 
GOES-7, 78 
GOES l-M, 82 

Spacelink (see, NASA Spacelink] 
stationary polar front (see, fronts) 
stratosphere, 18, 19, 33, 285 
diagram, 19 
storm surge, 259 
storm tide, 259 
stetching pixels, 1 92, 1 98 
Striped Bass (Morone Saxatlis), 300-302 
Emergency Striped Rass Act, 301 
subgeostrophic, 29 
subtropical jet, 34 
super high frequency (SHF), 7 1 
supergeostrophic, 29 
surface cyclone, 35 
surface lov. pressure, 32- 35 
diagram, 32 
synoptic scale, 1 4 
temperature, 45-46 

temperature gradient, 22, 37, 43, 55, 325 
thermal emissions, 95 
thunderstorm 26, 39, 51, 54, 57, 325 
activity, 242 
reference sheet, 245 
TIROS-N, 68, 84, 85-89 

TIROS-N elements, 85-89 
TOPEX/POSEIDON, 3 



topographic lifting, 47 
tornado, 14,57 

Total Ozone Mapping Spectrometer (TOMS), 4 
trade winds, 2 1 , 325 
tropical latitudes, 1 7 

Tropi ,al Rainfall Measuring Mission (TRMM), 4 
tropopause, 33, 35-37, 325 
troposphere, 18, 19, 33, 35-37, 50, 325 
diagram, 19 

trough 13, 28-29, 31-32, 37, 325 
diagram, 32 
trough axis, 1 3, 325 
true anomaly, 1 1 1 , 325 
Two-line Orbital Elements (TLE's), 1 14 
ultra high frequency (UHF), 7 1 
ultraviolet rays, 235 

University Corporation for Atmospheric 
Research (UCAR), 127 
University of Maryland, Department of 
Meteorology, 2, 7 
UNIX, 61 

upper air charts, 63 
upper air soundings, 30 
Upper Atmosphere Resarch Satellite (UARS), 3, 
72 

U.S. Department of Agriculture, 126 
U.S. Department of Energy, 1 26 
U.S. Environmental Protection Agency, 1 27 
U.S. Fish and Wildlife Service, 298-299, 
302-303 

U.S. Geological Survey, 127 
U.S. Government Printing Office, ! 27 
U.S. Operational Meteorological Satellites 
(METSAT) Program, 73 
Vg (see, geostrophic wind) 
vapor pressure, 45-46 
vendors, direct readout equipment, 1 36 
velocity, 29, 325 
very high frequency (VHF), 7 1 
Visible-infrared Spin Scan Radiometer (VISSR) 
Atmospheric Sounder (VAS), 78 
visible images, 50, 95 
visible light waves, 235 
WWW (see. World Wide Webb) 
warm sector, 14, 326 
water vapor, 44-48 
water vapor pressure, 45 
wave, 13, 17, 24 

motion, 13,17 
pattern, 37 
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structur<?, 1 3 
theory, 25 
train, 33 

wavelengths, 69, 326 
Weather Channel, The, 1 35 
Weather Facsimile (WfFAX), 71, 74, 78, 1 50, 
258 

Weather Forecast Office (see National Weather 
Service) 

weather satellites (see, environmental satellites) 
weather symbols, 24, 326 
activity, 1 5 1 
chart, 1 53, I 56 
WEFAX, see Weather Facsimile 
winds 

easterly, 22 
trade winds, 2 1 
westerly, 22, 31 
World Wide Webb, 144 
Wright, Wilbur, 67 
•X-rays, 235 
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